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Chromallizing enables ordinary iron and steel to resist 
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Solid-Propellant Rocket Engine _¥F 
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initiator assembly. (Paper No. S85) — Charles R. Voris 
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wagon of the future. Overall length of 180 in. can accom- 
modate 9 people with ease. (Paper No. 27A) — D. C. Woods 


Piston-Ring Wear 81 

Continuous monitoring of lubricating oil in a car con- 
taining radioactive rings provides a better understanding 
of the factors governing piston-ring wear in passenger-car 
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LOOK AT THE U.S.A. THIS WAY! 


Almost anywhere in our land, the eye can see the 
foremost reason for America’s tremendous devel- 
opment— Automotive Transportation. 

From country roads to village greens—from super- 
highways to city streets, the very life of the 
U.S.A. moves swiftly and certainly on wheeled 
vehicles—testimony to the creative genius and en- 
gineering excellence of our automotive industry. 
New Departure is proud that wherever one maylook, 
a majority of these vehicles depend on the proved 
excellence engineered into New Departure ball 
bearings—product of the cumulative experience 


of more than 50 years of bearing manufacturing. 
: Countless millions of ball bearings of types developed 


by New Departure specifically for automotive serv- 
Symbol of a reputation for integrity, quality and ice are helping speed the affairs of America, 
service—for advanced creative engineering 
achieved by New Departure in over half a POC ONER ER 8 
century of precision ball bearing manufacture. ww qc 2 


FORWARD FROM FIFTY 


NEVV EPARTURE 
DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING ROLLS L/KE A BALL 
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SUNOCO 
BRIDGES THE OCTANE GAP 


New miracle pump custom-blends gasoline 
in the exact octane strength to fit any car! 


Up ’til now, it couldn’t be done! Octane require- 
ments were so far apart, no ordinary two or three 
grade system could provide the right fuel for all 
cars at the right price. No one knows that better 
than you in the business! 

Today’s big difference in gasoline is Sunoco’s 
new Custom-Blending. Here is a new, thriftier way 
to fuel any car. No matter what make of car, or 
whatever the compression ratio of its engine, 


© 1958, SUN Ol COMPANY 


Sunoco Custom-Blending can fit its octane 
requirements exactly. 

Sunoco’s miracle pump custom-blends six differ- 
ent gasolines . . . six different octane strengths to 
accurately fit any car. 

So, for today’s needs, and tomorrow’s designs, 
no matter what the octane requirement built-in, 
Sunoco’s accurate Custom-Blending system will 
deliver the right fuel at the right price. 
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Briefs of 


SAE PAPERS 


Presented here are brief digests of recently 
presented SAE papers. These papers are avail- 
able in full in multilith form for one year after 
presentation. To order, circle the number in 
the “Reader Information Service” blank at 
right corresponding to the numbers appearing 
after the titles of the digests of interest to you 


AIRCRAFT 


Economic Comparisons of Helicopter 
and Surface Transportation for Com- 
pany Executive Use, W. H. MADSON, 
L. H. SLOAN. Paper No. 6A presented 
Jan. 1958, 13 p. Economical advan- 
tages of executive helicopter capable of 
carrying 10 passengers and 1000 lbs of 
cargo up to 100 mi at block speeds; 
comparison of operating costs with 
those of other transportation means; 
evaluation of hypothetical complex 
route; dollar savings due to helicopter 
transport and other benefits. 


“What Price Pay Loads”, G. B. 
EASTBURN. Paper No. 6B presented 
Jan. 1958, 10 p. Economic value of 
transportation vehicle is net lift avail- 
able when passengers are to be boarded 
and cargo unloaded; New York Air- 
ways’ planning is centered around ade- 
quate payload as essential design re- 
quirement in development of helicop- 
ter; operating experience with Sikorsky 
S-55 and S-58; it is shown that in near 
future scheduled transportation can be 
conducted on self sustaining business 
basis. 


Opportunity for Competitive Advan- 
tage Between Jet Transport Operators, 
M. WHITLOCK. Paper No. 8A pre- 
sented Jan. 1958, 10 p. Consideration 
of physical assets offering greatest con- 
tribution to improved service in jet 
transportation; facilities that must be 
provided to service aircrafts and mini- 
mum requirement for conventional taxi 
in and taxi out of jet aircraft; it is con- 
cluded that taxi straight-in, second 
level loading, push out with tractor and 
turn, unhook and taxi away represents 
arrangement having best competitive 
advantage. 


Two Methods of Aircraft Skid Con- 
trol, G. H. COLLIER. Paper No. 8B 
presented Jan. 1958, 10 p. Basic dif- 
ference of systems is that in Skid 
Warning brakes are controlled by pilot, 
while Automatic Anti-Skid releases 
brake pressure automatically by means 
of hydraulic valve; with either system, 
d-c generator, driven by wheel, senses 
changes in wheel rotation; by connect- 
ing generator through electrical cir- 
cuitry, deviation of wheel from normal 
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deceleration is sensed; sequence of op- 
erations; detailed circuitry of systems 
using some sensing, power, and locked 
wheel prevention circuits. 


Potential Application of Niobium to 
Aviation Gas Turbines, W. S. HAZEL- 
TON. Paper No. 14A presented Jan. 
1958, 14p. Properties of niobium mak- 
ing it attractive for high temperature 
service; strength and ductility, oxida- 
tion resistance, ease of fabrication, and 
cost and supply of niobium; how it 
compares with molybdenum. 


Manufacture of Titanium Jet Engine 
Parts at Lower Costs by Extrusion, N. J. 
FEOLA. Paper No. 14B presented Jan. 
1958, 10 p. Information on overall 
manufacturing method and individual 
operations in production of annular 
rings in unalloyed titanium and 5% 


Al-2.5% Sn titanium alloy at Curtiss- 
Wright Corp; extrusion processing var- 
iables; mechanical properties in ex- 
truded sections; forming of extruded 
shapes into 360° rings; flash butt weld- 
ing and sizing; money savings and 
other advantages of extrusion method. 


Method of Evaluating Tolerable 
Bearing Misalignment, R. S. LANG- 
DON. Paper No. 17C presented Jan. 
1958, 8 p. Analysis of nature and 
causes of misalignment in aircraft mo- 
tor bearings: misalignment of outer 
groove due to axial or radial runout, 
and of inner groove due to axial runout 
or to eccentricities; both types of mis- 
alignment given with respect to true 
shaft center line about which shaft 
rotates; factors to consider in design- 
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ing experiment to evaluate statistical 
relationship between misalignment and 
bearing life. 


Discussion of Behavior of Bearings 
Made of High Temperature Materials, 
A. 8. IRWIN. Paper No. 17D presented 
Jan. 1958, 3 p. Reference made to an- 
tifriction bearings manufactured of 
SAE 52100 steel types: lack of metal- 
lurgical tool for adequate selection of 


best high temperature materials noted; 
progressive tests now in use for screen- 
ing these materials; difficulties in se- 
lection of materials for high tempera- 
ture antifriction bearings to operate in 
high temperature lubricants. 


Effect of Loading Systems and Vibra- 
tion on Bearing Life, C. L. DELLINGER. 
Paper No. 17E presented Jan. 1958, 4 p. 
Discussion of five areas or systems 
which produce loads and/or vibration 
that could adversely affect bearing life, 
including gears, armature, stators, ex- 
ternal vibration and external forces. 


Possibilities in Field of Dry Lubri- 
cants, R. L. JOHNSON. Paper No. 18B 
presented Jan. 1958, 10 p. Research 
information on solid lubricants com- 
piled for consideration of possible use 
of such materials in aircraft electrical 
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equipment; theory of solid film lubri- 
cation; potential solid lubricants; 
methods of using them. 


Mechanical Factors Involved in 
Bearing Design for Aircraft Electric 
Motors, T. W. BAKEWELL. Paper No. 
18D presented Jan. 1958, 6 p. Design 
problems discussed are how to obtain 
minimum wear within bearing without 
severely reducing capacity, end how to 
design for minimum effects of wear; il- 
lustrated examples of design aspects; 
selection of bearing materials. 


Jet Transport Operation — Nation- 
ally, R. D. KELLY. Paper No. S46 pre- 
sented Nov. 1957, (Southern Calif. Sec.) 
8 p. Successful application of jet craft 
to domestic operations depends upon 
many factors other than technical per- 
fection of equipment; advantages of 
“block-to-block” jet flight times are 
off-set by amount of time for ground 
activities in which passenger is in- 
volved; need for modernization of air- 
ports, ground transportation systems 
and adequate runways for jet aircrafts. 


Management’s Role in Meeting Fu- 
ture of Aircraft Industry, E. STONE. 
Paper No. S49 presented Feb. 1958, 
(Metropolitan Sec) 13 p. Manage- 
ment’s role in industry in general and 
problems peculiar to aircraft industry; 
requirements of Defense Department; 
curtailment of availability of defense 
funds; missile activities in research and 
development stage, and problems in- 
volved; decisions to be taken now 
which will affect companies, their em- 
ployees and industry in general. 


FUELS & LUBRICANTS 


Multigrade Oil for Fleet Use, L. J. 
TEST, R. E. GREEGER. Paper No. 
243 presented Nov. 1957,12 p. Advan- 
tages gained for passenger cars and 
light truck through use of multigrade 
oils having high viscosity index; use of 
polymeric additives; requirements of 
heavy duty multigrade oil; advantages 
of its use for fleet operations with par- 
ticular reference to multigrade oil 20 
W-40; results of service experience in 
fleets. 


Engine Tests for Military Lubricants, 
H. F. KING, L. G. SCHNEIDER. Paper 
No. 250 presented Nov. 1957, 15 p. Phi- 
losophy and background data under- 
lying development and application of 
Navy diesel engine lubricating oil spec- 
ifications; reasons for changes in test 
procedures on basis of engine per- 
formance; results of tests undertaken 
to detemine effect of requirement that 
all oils be qualified with max sulphur 
content fuel of 1%; evaluation of five 
oils used in GM 71 and Caterpillar 1A 
engines. 


Effect of Hydrocarbon Type and Dis- 
tribution in Boiling Range on Road 
Antiknock Performance, W. A. P. 


Continued on page 108 


SAE JOURNAL, MAY, 1958 





Globe-Union Research engineers and chemists regard 
every new battery as a challenge — are determined to 
find flaws even in their own Globe products. For from 
such impartial and exhaustive analyses have come the 
continuous improvements in Globe batteries for over 25 
years .. . spurring battery developments throughout the 
entire field. 

One example of important Globe research is the study 
offered here: a very thorough 20-year examination of the 
corrosion of positive grids — a major cause of service 
failure of lead-acid storage batteries. The sampling of 
subjects shown suggests the range of this study. And 
because we believe the material, approaches and conclu- 
sions will be of special interest to you, a copy is available 
at no cost if you will simply fill out and mail the coupon. 


For original equipment or replacement, Globe 
Spinning Power Batteries are readily avail- 
able from 16 strategically located plants. 


SPINNING POWs, 
GLOBE- 
Union Inc. 
SPuit-secon STARTING 


MILWAUKEE 1, WISCONSIN 


no battery Is 
ever perfect... 


GLOBE RESEARCH THIS SIGNIFICANT 
GRID CORROSION STUDY 


cross-section of a 
grid bor from o 
battery which stood 
two yeors without 
attention in an 
unheoted garage 
shows typical 
corrosion pottern. 


service* . 
grid section from 
@ bottery after 
two years of actual 
service. 21,000 
miles of driving 
shows 20% 
corroded. 


Corrosion—standard cell* ... 
grid section from standord 

cell of battery in 1000-mile- 
per-day Test Fleet service, 
shows 28% grid metal loss 
ofter 191,500 miles service. 


* Microscopic pictures of grid sections 100-magnification. 


GLOBE-UNION INC. 


Research Dept., Milwaukee 1, Wisconsin 


Please send me, without cost or obligation, a copy of your 
Research study, The Microscopic Investigation of Posi- 
tive Grid Corrosion. 


DO GR cccnncinsinsstisnscciantntnncimensenpnrensencescssesreusnsstsestenntstinicamniaiantiasinnipsinietinintndiinimtadiantal 
DR actaiteccecndenrieinsineierincstccietenncempanieniamansescsnnasiensensininiisdibitiiaiiaaenainihanimaiabant - 
a inhaleiniatcnynsicieernnrensssienncaneepeneasesnncseanenatrsctmcenstnanisiiettitintaphentiatiattitiaats wiemaitiinba ie 


PE ceseressmnsemasnsescersseeprmemnigemcacednennennsitigiaeatadiianspisisiiiiimtnbiiiaiitigeitads Nien te 


If it's Petroleum-powered there’s a GLOBE-BUILT BATTERY right from the start! 
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Geared by FULLER... 
Texas Dairy specifies R-96 
ROADRANGER?® Transmissions 


When Milkhouse Cheese Corpora- 
tion of San Antonio, Texas, purchased 
new Kenworth tractors recently, the 
firm specified Cab-Over-Engine 
Model 825’s with Fuller R-96 Roap- 
RANGER Transmissions. 

The all-aluminum 73-inch sleeper- 
cab tractors like the unit shown here, 
have a chassis weight of 12,790 
pounds. Powered with 210 horse- 
power Cummins NHB diesel engines, 
these units have a payload capacity of 
36,000 pounds. 

Lou and Hyman Bernstein, presi- 
dent and vice-president of the firm, 
respectively, selected these custom- 
engineered Kenworths, with the 10- 
speed semi-automatic ROADRANGERS, 
for long hauls of frozen commodities 
from the Rio Grande country to the 
Midwest. These same tractor-trailer 
combinations haul the Bernsteins’ 
own dairy products from Wisconsin 
for distribution in Texas. 


Fuller KOADRANGER Transmissions 
give Milkhouse Cheese Corporation: 


@ Easier, quicker shifts—28% steps be- 
tween ratios 


@ One shift lever controls all 10 for- 
ward and 2 reverse speeds 


@ No gear splitting—10 selective gear 
ratios are evenly and progressively 


spaced 


@ Engines operate in peak hp range 
with greater fuel economy 


@ Less driver fatigue—'s less shifting 


@ Range shifts pre-selected—automatic 
and synchronized 


@ Compact space-and-weight-saving 
economies—the most compact 10- 
speed transmission available 


@ Transmission weight under the cab— 
permitting more cargo to be carried 
on the payload axles 


Get full facts on Fuller ROADRANGER 
Transmissions from your truck manu- 
facturer or truck dealer now! 


Fuller R-96 ROADRANGER 
Transmission 


v3 


3 . 
ee . 
ea ie a. ee 
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Wherever there’s work to be done that’s really tough 
on tires—you can be sure of this: You'll get more out of 
your tires — at lower cost — when they’re mounted on 
Tru-Seal Tubeless Rims by Goodyear. 


Where tires are put to the test Tru-Seal is the only practical way to seal a multiple- 


piece rim. And, like all Goodyear rims, it provides 
other dollars-and-cents advantages: 


Unusual Strength: An exclusive double-welding proc- 
ess and added support at points of greatest stress 


make present-day Goodyear Rims far stronger than 
Ease of Tire Mounting: No tube and flap troubles. 
Special Tools: Goodyear provides both hydraulic and 


for le © hand tools especially made for off-the-road equipment. 
Bond-a-Coat Finish: This protective coating affords 
long-lasting resistance to rust and corrosion. 


If you have a rim problem, talk it over with the G. R. E. 


on Tru-Seal Tubeless Rims (Goodyear Rim Engineer). He’ll save you time and 


money by helping you select the type and size of rim 
best suited to your needs. Write him at Goodyear, 
Metal Products Division, Akron 16, Ohio, or contact 
your local Goodyear Rim Distributor. 


New Tru-Seal Rims—available in 
sizes 12:00 and up, including oll 
earth-mover and grader sizes 
This rim is similar to multiple- 
piece rims now in use—PLUS air- 
tight Tru-Seal rubber ring which 
compresses into sealing groove 
when tire is mounted. 


Mor. tons are carried 

“coo DFYEAR 2222 

Buy and Specify than on any other kind 
METAL a DIVISION 


Tru-Seal—T. M. The Goodyear Tire & Rubber Company, Akron, Ohio Watch “Goodyear Theater’’ on TV—every other Monday, 9:30 P.M., £.D.T¢ 
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Why ACADIA 


SYNTHETIC 
RUBBER SEALS 


can save you money in 
STATIC or MOVING 
seal applications 


This seal will save 
you money with no 
performance sacri- 
fice. Minimum 
tooling cost, no Acadia Synthetic Rubber 
molds, no costly Parts are of the highest qual- 
— ae be ity components, processed for 
95” LD. oil resistance, good aging pro- 
perties, resistance to heat. They 
can be furnished in any dimension 
or special compound you desire to 
precision tolerances. They are another 
example of Acadia’s ability to SAVE 


ACADIA get Se YOU MORE..SERVE YOU BETTER. 
oS 


MOLDED LATHE-CUT 
O-RING SEAL SEAL 


*. 


a PRODUCTS There’s an Acadia Sales engineer near 
you to serve you. Write us today, and 
DIVISION OF WESTERN FELT WORKS 


4021-4139 West Ogden Avenue, Chicago 23, Illinois we'll put him in touch with you 
immediately. 
Bench Offices ata ve Princepel Cites 
ee 


ee Ce eee 8 ee I oe ee ee ee ee Oe ee 
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NATIONAL OIL SEAL LOGBOOK 


Automatic transmission 
seal problem— 


New National Syntech®proves dependable answer 
in front pump seal position 


Constant temperatures of 250°F, peaks of 300°, 
continual change in shaft speed, and total inaccessibility 
of the seal without costly teardown—these are a few 


of the sealing problems in the front pump of today’s 

, To design and thoroughly test the new seal, 
National engineers developed a new transmis- 
sion simulator which exactly duplicates front 
pump operating conditions at all car speeds. 


automatic transmissions for passenger cars. 


To help meet this challenge, National engineers have produced 
a new oil seal. The new design, a steel encased, spring-loaded 
unit with Syntech synthetic sealing lip, is characterized by an 
unusually long flex section in the lip, a special, light-loading 
tension spring, and the time-tested, low torque Syntech lip itself. 


Factory engineers report that the new National seals are proving 
extremely reliable in the application. Dealers also find the front 
pump seals are very reliable and do not require early replacement. 


Get real help on seal engineering problems. Call the National Engineer. 


NATIONAL SEAL Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California; Plants: Van Wert, Ohio, Downey and Redwood City, California 
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POWER 
STEERING 


Variable-ratio provides with one steering gear alert response 
and maneuverability that it would take two gears, of any 
other type or make, to supply. 


Variable-ratio gives faster steering and quicker recovery for 
turns, and slower steering and greater stability for high- 
speed, straight-ahead operation. 


The ratio variation, of course, can be whatever your steering 
job requires. For example, 18:24:18 would give you an 18 
to 1 ratio for turns, and a 24 to 1 ratio for straight-ahead 
handling. 


Variable-ratio is an exclusive feature of Ross Hydrapower 
power steering and Ross Cam & Lever manual steering. No 
other type or make of steering gear provides it. 


Ross makes all three types of hydraulic power steering— 
integral, semi-integral and linkage—and invites discussion of 
any steering problem, power or manual, variable or fixed ratio. 


HMYDRAPOWER 


ROSS GEAR & TOOL COMPANY, INC. + LAFAYETTE, INDIANA 


Gemmer Division + Detroit 
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How to be practical- 
without clipping the wings of new ideas 


New Goodyear cushioning concept ends 
old no-can-do—adds new R-O-O-M 
for comfort and sales! 4 — fut : 


The best forward-thinking in anybody’s 
designing room can be stifled by conventional hsut hoard. 














cushioning materials and methods. i y ; Fr. fan 
But that doesn’t happen where AIRFOAM is aA phage Caw he —nialeleL 
recognized as a basic designing aid. When Cee Fulhe FOR — 02h 
you start with the astounding versatility of 4b ; 

° . ° to faave ie tet 
AIRFOAM in mind, you start with a new <— —_—_ Ff —_—_— 


medium of space engineering that can make 
the “impossible” simple routine. Yes — and 


also eliminates bulky components — gains “Dae ‘4 Hh 


invaluable room—and all with added comfort. 









When you work closely with AIRFOAM Devel- 
eee ae. tht ean alk 
e r 1s 

puis motte 
make dream seats come true. Yes—and often . be 
invent NEW ways. Copcthen —-a meng, 
This Goodyear service has worked in impor- oom cal 67 
tant places. We’d like to show you how we 
do it. Simply contact Goodyear, Engineered 
Products Department, Akron 16, Ohio. 





















Biwldak. AreF OANA 


Ateda/ no ~~ a 









Cross Section Compares Old and New Seat Construction: 


(Even though AirFoam seat is one inch 
lower — eye level remains the same.) 










Nant AIRFOAM yt 


one pore Limite’ pile 
ow aw peak? Fi cana ‘ at 
W.HAnte dtptt, We Foun ga e 


thinwuati~e smauy Cher 
Couypoeuemnts, aed 206 the ar all. thers Ae Ato ths 
ork sxe, Lesbian <a berg — aid AIRFOAMT s 
Ler Mop ment Exge cero oot hs xk 
te/ Tp taeure A tare, 
Come fort suck poractical %y. 


= GOOD 
ONLY 
BY 

THE Amn" _— FINEST, MOST MODERN CUSHIONING 


Airfoam—T. M. The Goodyear Tire & Rubber Company, Akron, Ohic 
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Perhaps no other fitting has contributed 
more to advancements in the field of hy- 
draulics or has attained wider recognition 
and usage in critical applications than has 
the famous Weatherhead Ermeto flareless 
tube fitting. Not only is the Ermeto fitting 
known for its greater dependability where 
high pressures, excessive temperatures, surge 
and vibration are vital factors; it is also 
popular for its simple, low-cost installation 
and maintenance advantages as compared to 
other types of high pressure fittings. 


... and 175 Other Cash Prizes 


The Weatherhead Company has on file many case 
histories authenticating the unequalled perform- 
ance of Ermeto fittings. Without question there 
are many other types of applications on which we 
do not have full technical data. With this contest 
as an incentive and with your cooperation, we 
hope to be able to compile and make available 
to engineers and users everywhere a broad range 
of valuable application data which should offer 
solutions to some of your most troublesome engi- 
neering problems. Weatherhead’s most important 
obligation is the development of ways and means 
for the advancement of the fluid power industry. 


CONTESTANTS PLEASE NOTE! 


For additional reprints of this ad or for further contest information, 
contact your local Weatherhead distributor or write Win With Ermeto 
Contest, P. O. Box 2457, Fort Wayne, Indiana. 
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CONTEST RULES 


1. This contest is open to everyone actively associ- 
ated with the design and/or maintenance and opera- 
tion of equipment in any type or field of industry or 
commerce including independent design or service 
engineers. Not eligible are personnel of the Weather- 
head Company, its distribution outlets or its adver- 
tising agency. 


2. At top of first page of each entry must appear 
contestant’s name, home address and phone number; 
company name, address, phone number. 


3. In preparing your entry use only one side of sheet 
or sheets. 


4. Contestant may enter as many different types of 
Ermeto applications as he wishes but each must be 
a separate finished manuscript in itself. 


5. Contest ends September 30, 1958 and entries must 
be postmarked no later than midnight of that date. 
Winners will be announced as soon thereafter as 
judging can be completed. In case of a tie, duplicate 
awards will be made. 

6. Judging the contest will be qualified graduate 
engineers of high standing and not associated with 
Weatherhead Company or its sales outlets. Their 
decisions will be final. 


7. All entries must be based on actual installations 
backed by factual data which can be fully verified. 


8. All entries become the property of the Weather- 
head Company. 


AWARDS 

Ist Prize 

2nd Prize 

Next 8 Winners. 
Next 35 Winners. 
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Next 40 Winners. 
Next 100 Winners 
Total Winners 185 


Total Cask Awards $15,000.00 


TO HELP YOU PREPARE A WINNING ENTRY 


1. Your entry will be judged on the basis of how 
fully it covers all the facts relative to the installation 
you are describing. It should point up how or why 
Weatherhead flareless Ermeto tube fittings helped 
master a problem or achieve greater economy. 


2. Drawings of the installation and pictures should 
accompany your manuscript if at all possible. 


3. Unusual applications, excessive pressures or heat 
conditions, problems of surge or vibration, all are 
important data for your manuscript. 


4. The following is offered as a guide to you in com- 
pleting your manuscript . . . Type of equipment and 
its end product or function ¢ Specific supporting 
function of the Ermeto equipped circuit ¢* Location 
of equipment * Climatic conditions of equipment 
area ¢ Restricting factors surrounding equipment 
* Downtime and maintenance factors * Style and 
material of Ermeto fittings and number in circuit « 
Material of connecting tubings * Working pres- 
sures * Maximum shock or impulse load * Maxi- 
mum and minimum working temperatures of circuit 
*¢ Vibration-maximum deflection factors * Type 
of hydraulic fluid used ¢ Thickness of tube walls 
* To what piping specifications does circuit con- 
form ¢ Service life of Ermeto fittings being used 
* Savings or other economy factors resulting from 
use of Ermeto fittings. 


Mail Entries to: 
WIN WITH ERMETO CONTEST 
P. O. Box 2457, Fort Wayne, Indiana 
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Fasteners made witha ZYTEE nylon resin 
are self-locking... vibration proof 


EDSELusesZYTEE 
in carburetor and 
steering column 


FAST IDLE cam of the carburetors used on 
the new EDSEL is made of a ZYTEL nylon 
resin. Replacing metal, the moided cam elimi 
nates 3 finishing operations and saves over 
50% in production costs. The resin is un 
affected by engine compartment heat. Strength 
and abrasion resistance of the part provides 
long operating life. (Part moided by Chicago 
Molded Products Corp., Chicago, Ill. for Holley 
Carburetor Co., Warren, Michigan.) 


INSULATORS and switch parts at the top of the 
EDSEL steering shaft and collector rings at 
the bottom depend on good dielectric strength 
of ZYTEL resins. Tapered bushing used on 
shaft has excellent bearing properties and 
wear resistance. These EDSEL parts are sup 
plied to Ainsworth Precision Castings Co., 
Division of Harsco Corp., Detroit, Michigan; 
by RBM Div., Essex Wire Corp., Logansport, 
ind.; and Giobe Imperial Corp., Rockford, Ill. 





HOW IT WORKS: Smal! pellet of a ZYTEL 
nylon resin imbedded in fastener undergoes 
compression. The resilient pellet exerts a con 
tinuous, powerful lateral thrust, producing a 


Fasteners made with an insert of a ZYTEL 
nylon resin produce a powerful locking 
action between threads of bolted assem- 
blies. Due to the resilience and wear-re- 
sistance of the nylon insert, fasteners can 
be used over and over again. Positive, 
vibration-proof clamping action is ob- 
tained. This principle of Nylok fastening 
can be used to safely lock both nuts and 


strong metal-to-metal lock between opposite 
mating threads (see arrows). Two applications 
are shown below. (Made and licensed by the 
Nylok Corporation, Paramus, New Jersey.) 


bolts to displace lock washers throughout 
the car. The plug also prevents fluid flow 
along the spiral path of the threads. Since 
ZyYTEL nylon resins are unaffected by oil 
or grease, no deterioration of the pellet 
occurs in contact with lubricated threads. 
Mail the coupon to obtain the facts on 
Du Pont ZyTet nylon resins used as 
automotive design materials. 


E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 

Room 37-5, Du Pont Building, Wilmington 98, Del. 
Please send me more information on Du Pont ZyTeL 

nylon resin. I am interested in evaluating this material for 


SEND FOR 
INFORMATION 
For additional property and 
application data on Du Pont 
ZYTEL nylon resins, mail this 
coupon. 


Name 


Street. 
City 


Company. 


Position. 


State. 


Se OT aii 
IN CANADA: Du Pont Company of Canada (1966) Limited, P.O. Box 660, Montreal, Quebec 





The Janitrol line of liquid heaters provides versatile 
packages ranging in capacity from 90,000 to 1,000,000 
Btu per hour. They provide reliable heat—at specified 
temperature—for vaporizing or maintaining temperatures 
of missile fuels, for instant engine starts in any weather, 
windshield defrosting, comfort for personnel, cargo and 
equipment protection. 

Liquid heater reliability is a result of refinement and 
design simplification over a period of ten years of produc- 
tion. Proved in Arctic and Antarctic use, they are already 
serving in fire crash trucks, prime movers, ice removal 
units, and in heating decontamination and cleaning fluids. 

We'd like to discuss with you any heat requirements 
you have for missile handling and ground support equip- 
ment or vehicles—for fuel processing or for protection 
of equipment and personnel. Call in your Janitrol 
representative. 

Janitrol Aircraft Division, Surface Combustion Corp., 
Columbus 16, Ohio. 
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pneumatic controls + duct couplings & supports + heat exchangers 
combustion equipment for aircraft, missiles, ground support 
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ESPECIALLY DESIGNED FOR TOP RING 
GROOVE PROTECTION IN PISTONS 
FOR GASOLINE ENGINES 


AN ECONOMICAL METHOD WITH 
MINIMUM WEIGHT INCREASE 


CAN BE APPLIED TO ANY TYPE 
ALUMINUM ALLOY PISTON 


meee 


WITH SEGMENTAL STEEL TOP RING SECTION 


Again, Zollner engineering leadership provides an- 
other great piston development to engine builders. FRONT VIEW SECTION 
The new Zollner ‘“Perma-Groove” gives sensationally 
longer life to pistons and rings, prevents blow-by, : ¥ 

pe ; ‘ : ; OUTSTANDING ADVANTAGES 

. e light weight - x 
minimizes oil consumption Th lig t gh seg an teins ine eames 
mental steel section incorporates high wear resistance TOP RING SECTION CROSS SECTION 
in the top ring groove plus the advantage of cool - Individual steel segments eliminate continuous 
operation. Designed especially for gasoline engine pis- band expansion problem. 
ee ”: . . . Segments securely locked to prevent radial 
tons, “Perma-Groove” is the quality, low-weight and caine: 
low-cost companion to the popular ‘““Bond-O-Loc” piston - Dovetailed edges keep steel segments securely 
for Diesel engines. We suggest an immediate test of in plane with goneve. 
. 75% steel bearing area for wear resistance. 


Perma-Groove” advantages for your gasoline engine. . 25% aluminum bearing area for heat conduc- 
tivity and cool operation. 


*T. M. Reg. Pat. App. For ° ° . 
——— . Light in weight. 


ZOLLNER 


THE ORIGINAL EQUIPMENT PISTONS 


ENGINEERING 

PRECISION 

PRODUCTION 

«ym PISTONS 
BUILDERS 


ZOLLNER CORPORATION °* Fort Wayne, Indiana 
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From GLEVELAND ... 


Se 
A Revolutionary 


New Center 
Bearing 
Assembly! 


Proved by independent fests 
to be far superior to any 
center bearing now on the market 


Now available as original equipment for trucks and buses, 
the New CLEVELAND Center Bearing Assembly offers 
these important advantages: 

31. CLEVELAND’s exclusive use of a roller bearing, in- 
stead of a ball bearing, permits longitudinal sliding 
action between the roller bearing and the induction- 
hardened spline shaft. This eliminates any unwanted 
load on the center bearing and assures low noise 
levels, minimum wear and long life. 
CLEVELAND’s new design absolutely eliminates 
center bearing “shudder’’. Also, it eliminates longitudi- 
nal misalignment problems between frame and 
bearing bracket. 

CLEVELAND’s Center Bearing Assembly embodies a 

conventional type grease fitting and lubrication channels 

to permit a complete flushout of any injurious road dirt. 
Write for information on this remarkable new product. It’s 
the answer to center bearing problems. 


Capen, ee a Universal Joints + Propeller Shafts 
Cleveland Steel Products Corporation Power Take-Off Joints 


Automotive Division Center Bearing Assemblies 
16025 Brookpark Road, Cleveland 11, Ohio 
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despite heat or cold... 


Silicone Fluids MAINTAIN VISCOSITY 


As the graph illustrates, Dow Corning silicone fluids are little affected by temperature 
changes. Their viscosity remains relatively constant over a wide span, whereas petroleum- 
base fluids thicken or thin out severely. In fact, Dow Corning Fluids are serviceable as 
low as —130 F and as high as 400 F. 


here's where silicone fluids help... 


Dow Corning Fluids are highly effective as due to shear. Silicone fluids are the transmission 
damping media. For example, dashboard indicator medium in such applications as the new auto 
needle vibration is eliminated, and crankshaft engine fan hydraulic coupling. 

torsional vibration is damped with silicone fluids. 
In such applications, silicone fluids resist oxidation, 
give uniform performance regardless of geographic 
location or season. 


A high degree of compressibility . .. up to 12% 
at 20,000 psi . . . in combination with their many 
other desirable properties, renders silicone fluids 
ideal for liquid springs or similar hydraulic devices. 
Silicones are also excellent fluid coupling media. In other applications, silicone fluids serve as lubri- 
They transmit torque consistently despite varying cants for rubber, plastics and certain metal 
temperatures and are highly resistant to breakdown combinations and as heat-stable dielectrics. 


These are typical of the many automotive applications for Dow Corning 
silicone fluids. Send today for more complete information that will help 
you solve problems, improve designs. Dept. 915. 


Dow Corning CORPORATION 


MIDLAND, MICHIGAN 
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STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 


President, Douglas Aircraft Co., Inc. 


Here at Douglas we’re involved in a greatly 
accelerated missile and space program. This 
requires one of the most intensive engineering 
and research efforts in our history. 

The problems are great ones as we move into 
the new dimension of unmanned and manned 
space vehicles. They require specialists in almost 
every engineering field. But their solution will 
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result in great benefits not only to our own nation 
but to all mankind. 

If you’re interested in tackling these problems 
with us...in giving your best in an all-out drive 
to solve them... we’re interested in you! 

Please write to Mr. C. C. La Vene 
Douglas Aircraft Company, Box ¢29.¢0 
Santa Monica, Californi- 





NOW shoiter by Sinha! 
neNEW EATON TANDEM 


SAVES 


SIMPLER, 
MORE COMPACT 
DESIGN! 


More than Two Million 


Eaton Axles in Trucks Today. 


EATO 


SAVES 400 POUNDS 
OF WEIGHT*— 


| 5 
; ae INCREASED STRENGTH! 
=" 


Hauls more legal payload 
Simpler construction— fewer parts 
Inter-axle differential with lock 
Easier to service 

Wide range of gear ratios 


Available with single reduction or double 
reduction axles 


*38 Series 


—————_——- AX LE DIVISION 


MANUFACTURING COMPANY 
CLEVELAND, OHIO 


PRODUCTS: Engine Valves * Tappets * Hydraulic Valve Lifters * Valve Seat Inserts * Jet Engine Parts * Hydraulic Pumps 
Motor Truck Axles © Permanent Mold Gray Iron Castings * Forgings * Heater-Defroster Units * Automotive Air Conditioners 
Fastening Devices * Cold Drawn Steel * Stampings * Gears * Leaf and Coil Springs * Dynamatic Drives, Brakes, Dynamometers 


22 
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For The Sake of Argument 


Rhetorical Questions . . . 


By Norman G. Shidle 


The rhetorical question ranks high in the scale of 
man’s fruitless activities. Some are more addicted 
than ,others to this particular combination of cliche 
and futility, but few are in a position to cast stones. 


“What’s the world coming to?” “How can anybody 
be so (dumb) (stupid) (selfish) (thoughtless) (un- 
fair)?” “What is the matter with this younger gen- 
eration?” ... 


All of these and hundreds of their mates, each of us 
has heard and asked. Grownups ask rhetorical ques- 
tions about children . . . teenagers ask questions about 
grownups. Neither expect—nor really want —re- 
sponses from anyone except themselves. 


Usually, rhetorical questions forecast a statement 
of conclusions at which we have long ago arrived. 
They lead to compounding the error of worrying about 
things that cannot be changed or corrected — and the 
mistake of trying to compel other persons to believe 
and live as we do. 


To listeners, a rhetorical question signals a declara- 
tion, not an exploration; a proclamation rather than 
a suggestion; an invitation to argument, rather than 
discussion. 


For all their interrogatory form, we usually ask 
rhetorical questions in a tone which says: 


“Only at your own risk shall you dare to 
give any response except the one which I 
am convinced is axiomatic.” 


Rhetorical questions are first-cousins to those other 
futile phrases so common in conversational gambits — 
“If people only would (do this or refrain from doing 
that); “If only everybody would... ”; “There ought 
to be a law...” 


More fruitful is the thinking which reacts with an 
automatic: “Well, what’s my own next best step?” 
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BENDIX SELF-ADJUSTING BRAKES ADD 
TO THE SAFETY AND ECONOMY OF THESE TWO GREAT CARS 


Mercury and Edsel for 1958 feature 
Bendix’ latest development—brakes that 
adjust themselves! 

‘The new Bendix* Self-Adjusting Brakes 
not only save the bother and expense of 
periodic brake adjustments but are safer, 
too. Stopping power is maintained at 
maximum because all four shoes are 
always correctly adjusted. And the driver 
is assured of effective brake applications 
because there is always maximum clear- 
ance between pedal and floor. 


Reasons such as these make Bendix 
Self-Adjusting Brakes a real sales feature 
for any car. We predict you will hear 
more about them in the years ahead. 

For over thirty years Bendix Products 
Division has demonstrated its ability not 
only to meet, but to anticipate the needs 
of the automotive industry. From four- 
wheel brakes to power braking and 
power steering, Bendix has pioneered 
and developed many of the industry’s 


most notable advancements. 
*TRADE MARK 


Bendix firscx South Bend, ip. de 


When shoe clearance exceeds a predeter- 
mined amount, a ratchet sets up the star wheel 
adjuster one notch as the brakes are applied 
while the car is in reverse. This automatically 
compensates for lining wear, adjusting the 
shoes to exactly the right fit within the drum. 





ips 


from SAE meetings, members, and committees 


TARY Malcolm A. MacIn- 

tyre made “a public admis- 
sion of a private hope”... when he 
estimated that the first lunar 
probe would occur “in a matter of 
months.” His “admission” was 
made at a press conference held 
last month during SAE’s National 
Aeronautic Meeting in New York. 
(See meeting story starting on 
page 89.) 


A” FORCE UNDER-SECRE- 


An engineer is a scientist who 
knows the value of a dollar. 


boron fuels or a fuel combin- 

ing both will power the super- 
sonic transport of 1975, is the in- 
dication of SAE’s Aircraft Activity 
Committee. 

The transport will be inherently 
capable of vertical take-off and 
landing, the majority believes. 

Before the supersonic transport 
can become a reality, however, 
further development will be 
needed in: 


e Air traffic control systems (in- 
cluding proximity warning devices 
or automatic collision avoidance 
systems, and automatic landing 
devices, and speed and course con- 
trol). 

@ High-lift devices (such as boun- 
dary layer control, jet flaps, drag 
reduction configurations). 

@ Noise suppression (for both en- 
gine noise and the supersonic 
plane’s continuous traveling su- 
personic boom. 

@ Reliable non-afterburning pow- 
erplants with good fuel economy. 


J TYPE hydrocarbon fuels or 


ROPULSION TECHNOLOGY 
Pr: reached a point where, in 

many cases, it is almost wholly 
dependent upon fuels for a major 
breakthrough. It is conceivable 
that one fuel may be used for 
thrust advantage, another for high 
altitude performance, and a third 
for range extension. Inherent 
physical and chemical properties 
would dictate the application 
chosen. 

In some cases, it might seem 
practical to have multi-fueled 
weapon systems. However, hard- 
ware restrictions might impose 
limitations to just a dual-fuel type. 
This concept alone would require 
extensive modification and ad- 
vancement of the state of the art 
of pumps, controls and associated 
fuel system components. 


Beware of the man who is usu- 
ally right—but never in doubdt. 


VENTUALLY, EMIGRATION 
E, into space may become a ne- 
cessity — for population rea- 
sons. Studies have shown that — 
if the world’s population continues 
to increase at present rates —in 
four centuries all the land areas of 
the earth will have population 
density comparable to Manhattan 
Island’s now. Space travel may 
become practical just in time! 


Authority isn’t delegated—it’s 
earned. Only responsibility is del- 
egated. 


IRCRAFT FLEETS owned by 
A\ companies and corporations 
include more planes, fly 
more hours, and carry as many in- 
dividual passengers per year as do 
the scheduled airlines. 


ORY? How many manu- 

facturers were offering au- 
tomatic transmissions 10 years 
ago? How many are offering these 
units today? When did the indus- 
try offer overhead valves, power 
steering, power brakes, air condi- 
tioning, and ball-joint suspen- 
sions? 


He GOOD IS YOUR MEM- 


In 1947, just four manufac- 
turers offered automatic 
transmissions; today there 
are 19. 
Only three car producers 
offered hydraulic valve lift- 
ers in 1947; there are 14 
lines of cars so equipped 
today. 


There were only two over- 

head-valve V-8 engines in 

1948; today there are 19. 
Power steering was avail- 
able on just two cars back 
in 1951; the corresponding 
number today is 19. 

Air conditioning was avail- 

able from just two produc- 

ers in 1953; all 19 producers 

offer air conditioning today. 
Ball-joint suspensions were 
introduced in 1954 by three 
manufacturers. The num- 
ber had increased to 13 by 
1957. 
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om Nikolaevitch Tupolev, dean of present-day 
Soviet designers of transport aircraft, received 
his education and early training in tsarist days. 
Born in 1888, he studied under Zhukovski in the 
Moscow Higher Technical School, where he later 
worked on the design and construction of wind tun- 
nels and gliders. In 1918, after the Revolution, un- 
der Zhukovski he helped organize the Central Aero- 
dynamic Institute of which he was assistant director 
from 1918 to 1935. Tupolev, or “A.N.T.,” as he is 
known to the general Soviet public, has been re- 
sponsible for the design of more than a hundred air- 
craft, principally bombers and transports but in- 
cluding also such sidelines in the early days of his 
career as aircraft-engine-driven sleds and hydro- 
planes. Design groups under his supervision were 
responsible for the huge eight-motored, 52-ton 
gross “Maxim Gorki” (designer V. M. Petlyakov) in 
1934 and the ANT-25 bomber, one of which, the 
“Rodina” flew over the North Pole to the United 
States in the summer of 1937. For this particular 
machine Tupolev is credited with the design of the 
first Soviet wing anti-icing system. The present 
“TU” series, TU-104, TU-104A, TU-110, and TU-114 
have all been designed by groups under the leader- 
ship of Tupolev. His contributions to Soviet avia- 
tion have been rewarded by almost all the titles 
and honors at the disposal of the government: he is 
a Member of the Academy of Sciences, Lieutenant- 
General of Engineering-Technical Services, Hero of 
Socialist Labor, Holder of the Order of Lenin, and 
a Stalin Prize Winner. 

Tupolev is a typical example of a Soviet profes- 
sional operating within the “multiple-hat”’ system 
in Soviet Russia. At one and the same time most 
engineers, while holding high military rank in their 
specialty, are designers, researchers. manufacturers, 
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and teachers. The advantages of being able to com- 
mand and direct basic research for an aircraft of 
your own design which you will build and sell to 
yourself might at first thought be appealing, but 
the disadvantages and peril under a communist 
government of such centralized responsibility are 
perhaps equally clear. 

Not mentioned in the Soviet glowing biographies 
of Tupolev is this illustration given by the well- 
known Russian emigre author P. V. Ivanov-Razum- 
nik of what is meant by “peril” from his experiences 
during the Stalinist purges of the 1930’s: 

“In the Lefortovo (prison), according to the stor- 
ies, they resorted to real tortures—using wire 
brushes, crushing fingers, and others of this sort — 
but since I do not know of this from an eyewitness, 
or, more accurately, from one of the tortured, I will 
not talk about it. I will only say that, within a year, 
when I was in cell No. 113 [of the Butyrka prison} 
in the next cell sat the famous aircraft constructor 
“A.N.T.” —A.'N. Tupolev. He told the following 
about himself: They arrested him and took him to 
the Lefortovo, assigning him to a cell with the well- 
known military and Communist Party figure, Muk- 
levitch, who after weeks of Lefortovo “interroga- 
tion” had already “confessed” to everything. 
Muklevitch began to persuade Tupolev to “confess” 
at the very first interrogation and laid before him 
a picture of what awaited him in the event of ob- 
Stinacy. Obviously, the picture was so convincing 
—Tupolev didn’t want to talk about it — that the 
unfortunate “A.N.T.” decided not to undergo per- 
sonally what had already happened to Muklevitch, 
and followed the latter’s advice. On the very first 
questioning he confessed to everything the inter- 
rogator wanted. They spared him the torture and 
transferred him to Butyrka, where he awaited the 
decision of his fate.” 

Apparently it was not long thereafter that Tupolev 
resumed his professional duties. 

Last September Tupolev’s TU-104 completed a 
year of regular operation on Aeroflot’s scheduled 
routes. Presently TU-104’s are in service: Moscow-— 
Kharkov 5219 miles, Moscow—Sverdlovsk—Novosibirsk 
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1976 miles, Moscow-—Tashkent 2068 miles, Moscow-— 
Tbilisi 1563 miles, and fly regularly to Peking and 
Prague. TU-104’s have visited Warsaw, Budapest, 
Sofia, Bucharest, Paris, London, Delhi, Ankara, Ran- 
goon, and Djakarta, and have made one flight to the 
United States. Press representatives of Western 
aircraft industry and other correspondents have 
flown in and reported on this airplane exhaustively. 
It has been said that the noise level in the cabin is 
high and that vibration is objectionable. Pressuri- 
zation has been reported as inadequate. The weight 
versus carrying capacity of the aircraft, 75 tons 
gross to carry 50 passengers, would appear to be 
highly uneconomical by Western standards, but this 
criterion is not a matter of importance to an airline 
which answers neither to stockholders nor to tax- 
payers. 

The TU-104A apparently was designed to over- 
come some of the objectionable features of the TU- 
104. Its structure is not as heavy and its passenger 
capacity has been increased from 50 to 70. The 
change to more powerful engines, from the AM-3 
to an improved model of the AM-209, should have 
improved the take-off and slow climb performance 
of the original TU-104. 

The initials “AM” which identify these engines 
introduce one of the two best-known Soviet jet en- 
gine designers, Alexander Alexandrovitch Mikulin 
(1895- ). His official biography lists much the 
same “multiple-hat” titles as Tupolev’s, but some- 
what junior grade: major-general of the Engineer- 
ing Technical Service, Hero of Socialist Labor, and 
four times winner of the Stalin Prize, among others. 
It is interesting to note that Mikulin has been a 
member of the Communist Party only since 1952, 
although he has been active in the aircraft engine 
field since 1923, and that Tupolev is nowhere men- 
tioned as ever having belonged to the Party. Miku- 
lin is officially credited as the father of “the first 
aircraft engines of original native [Soviet] construc- 
tion, both piston and jet, bringing them into mass 
production and use in the Soviet Air Force.” His 
AM-34 piston engine which powered the 1937 Soviet 
trans-polar flight to the United States was projected 
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by him in 1929 and accepted by the Soviet govern- 
ment in 1931. The early MIG’s were powered by the 
Mikulin AM-35 piston engine and his AM-38F was 
the power plant of the World War II Soviet dive 
bomber, the Il-2, and other aircraft. He is credited 
with originating control of compressor blades and 
engine supercharging. More modestly, he is only 
credited with originating the first Soviet turbo-com- 
pressor and variable pitch propeller. 

If the TU-104 and TU-104A differ only in passen- 
ger capacity and powerplant, the TU-110, although 
keeping the TU family resemblance is nevertheless 
quite distinct. It has four, not two, turbojets and 
these are from a different designer, A. M. Lyulka. 
Although Lyulka’s military version of this engine 
supposedly powers the YAK-25 and MIG-19 fighters, 
the official recognition of Lyulka’s contribution has 
been slow in coming. A letter to the official Soviet 
air force journal Vestnik Vozdushnovo Flota two or 
three years ago complained that such standard texts 
as the 1953 edition of Skubachevski’s Aviation Gas 
Turbine Engines didn’t even mention Lyulka, 
whereas his contribution had been well-known since 
the 1930’s. 

Arkhip Mikailovitch Lyulka was born in 1908 and 
completed the Kiev Polytechnical Institute in 1931. 
From 1931 to 1933 he worked in the Kharkov Turbo- 
Generator Works, and from 1933 to 1939 in the 
Kharkov Aviation Institute where he developed the 
“theory of the turbo-compressor and the air reac- 
tion engine” and in the years 1937-1939 built the 
first turbojet engine. Some Soviet sources refer to 
this work as being a world “first,” coming long be- 
fore the efforts of Sir Frank Whittle and others. 

Lyulka’s engines used on the TU-110 are estimated 
to have a thrust of 8500 lb — less powerful but also 
with lower specific fuel consumption than the Miku- 
lin engines of the TU-104. 

The passenger capacity of the TU-110 is 78 in the 
luxury version, and 100 in the tourist. In addition 
to the 100 passengers, the Soviets claim this aircraft 
will carry 3500-4500 lb of baggage and 4500-6400 Ib 
of mail and cargo, or a total of 12 tons of payload. 
Unlike the TU-104 the engines are in the wing roots 
of the TU-110. It is claimed that in consequence 
of such engine location the noise level in the cabin 
has been substantially lowered and other improve- 
ments and lightening of the fuselage were made 
possible. The lengthening of the nose section has 
increased the length of the TU-110 by 4 ft over the 
TU-104. The galley, which on the TU-104 was mid- 
fuselage between the two passenger cabins, has been 
moved forward to facilitate the loading of food. 
Soviet descriptions of the galley equipment empha- 


This is Part Il of a two-part article. 7 
Part | in last month’s issue dealt 
with Sergei Ilyushin and the IL 
series of transport aircraft and O. K. 


Antonov and the AN series. i 





3 Russian Aircraft 


Designers and Their 
6 Soviet Airplanes 


Continued 


size in considerable detail the facilities for serving 
a variety of hot food and drinks. It is not explained 
why, but the crew compartment is divided from the 
passenger area by a “hermetic partition.” The pas- 
senger area itself is divided into three cabins: for- 
ward cabin for 30 passengers, a middle cabin for 15, 
and the rear cabin for 55. Seats are five across, 
divided three and two; they adjust 40 deg from the 
vertical and have removable arm rests. The middle 
cabin has cradles for infants. Clothes racks are by 
the rear cabin door. There are two lavatories at 
the rear of the plane equipped with flush chemical 
toilets, using electric pumps between chemical sup- 
ply and waste tanks. 

It is said that the “practical length of flight” of 
the TU-110 with a 12-ton payload is 1900-2100 miles. 
Cruising speed for such a flight is given as “reach- 
ing’ 500 mph at an altitude of 33,000 to 39,000 ft 
and maximum speed of the TU-110 as “reaching” 
621 mph. 

As for operating cost, “the cost per ton-kilometer 
with a 12-ton payload approaches the cost of trans- 
port on turboprop passenger aircraft.” This rather 
vague statement is used by Soviet writers in their 
attempt to controvert the prevalent idea that turbo- 
jet aircraft are practical only for long-range opera- 
tion and that aircraft such as the TU-104, TU-104A 
and TU-110 can be successfully used on flights of 
600 miles or greater. Moreover, it is said that on 
flights of “less than 1700-2300 miles these aircraft 
can operate at a cruise speed of up to 560 mph which 
increases the effectiveness of their use.” One thing 
is fairly certain, if this is the Soviet theory of opera- 
tion, the Soviet statistics will confirm it! 

Most recent Soviet transport to bear Tupolev’s 
name is the TU-114, a four turboprop aircraft 
claimed to be capable of transporting 120 passen- 
gers from Moscow to New York in 10 to 12 hours, 
along with a crew of ten. Some of the 10 crew mem- 
bers presumably will busy themselves with the un- 
usual features such as a projected 48-seat restau- 
rant, telephone switchboard, and two elevators. Al- 
though one source stated that for shorter flights 
the passenger capacity can be increased to 220, 
other sources specify 170 and 180 passengers. 

In announcing the new aircraft it was stated that 
it had made several test flights with dazzling re- 
sults.” A photograph of the TU-114 in flight makes 
it appear to be a greatly enlarged version of the 
TU-104 and TU-110. It has four turboprops 
mounted in nacelles which project very far forward 
of the wings. It may well be that this aircraft is, 
as the Soviets claim, “the biggest passenger airplane 
in the world,” for whatever this distinction may be 
worth. The “Rossiya,” as the new 200-ton TU-114 
has been named, is stated to have four 12,000-eshp 
turboprop engines, and to cruise at 500 mph with a 
range of up to 4300 miles. 
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Landing Gear has long oleo for Rus- 
sia’s rough runways. Note radome 


TU-104A Serving Copenhagen 


Illustrates Russian 


Design Ideas 


mittee by HUGH HARVEY, 
Shell Oil Co. 


A Russian TU-104A turboprop transport is 
scheduled to arrive at Copenhagen’s Kastrup 
Airport early each Friday afternoon and take off 
again that evening to return to Moscow. 

These photographs show the aircraft when 
this commercial operation began last December. 
The service is operated by Aeroflot, the civil 
transport arm of the Soviet Air Force. In Co- 
penhagen, ground service is provided by Scandi- 
navian Airlines System. 

The Moscow-to-Copenhagen flight is sched- 
uled to take 2 hr. 25 min. for 964 miles. The in- 
augural flight made the trip in 2 hr. 15 min. 
(SAS, which also operates one flight in each di- 
rection per week, requires 4-hr. for the trip in 
its current piston-engine equipment.) 

The TU-104A lands with the characteristic high 
turbine-engine whine. But airport employees 
say they find it no more disturbing than the Vis- 
count or the DC-7C. 
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TU-104A on Moscow-Copen- 
hagen run features overhead 
racks of white cord netting on 
gold-colored frames. Pearly 
bowls soften overhead lighting 


Wing Fences may be 
fixes for insufficient lat- 
eral stability 


TU-104A Turboprop transport 
also has tail skid for short-run- 
way use. Plane is shown at Kas- 
trup Airport. 
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Abridged from an 
SAE Dayton Section Paper 


Electronic Computer Serves 


As Engineering's 


ed on paper by 


D. G. Thoroma 


national Business Machines Corp 


— areas where electronic computers are being 
used as a tool to aid in the solution of engineering 
problems are: 


1. Design 
2. Model simulation 
. Data reduction 
. Statistical computations 


. Operations research and management science 


design 


The design of a new product (or of an improve- 
ment to an already existing product) requires in- 
ductive reasoning and imagination. The computer 
can furnish neither—it has only deductive ability. 
The usefulness of the computer in design is to as- 
sist in the evaluation of hypotheses, never to hy- 
pothesize! 

Specific product applications of the computer in- 
clude: gear design, cam design, electrical trans- 
former design, airfoil design, propeller design, and 
electrical motor design. In all of these, it is possi- 
ble to state the problem to be solved mathemati- 
cally, and then perform parameter studies to arrive 
at the design which is theoretically best. 

Some advantages of the use of computers in de- 
sign are: 


1. One can arrive at the best theoretical de- 
sign by considering the effect of more 
parameter changes. 


The accuracy of the final results is very high. 
This is due to the fact that human error can 


be eliminated. Also, a computer enables 
desk calculator accuracy in all computations. 


There is a reduction in the number of mod- 
els required due to arriving at the best the- 
oretical fit before the models are built for 
testing. 


model simulation 


It is possible, in many cases, to construct a math- 
ematical model which can be manipulated, using 
the computer, to test the effect of various changes 
in the product. For example, one automobile 
manufacturer has constructed a mathematical 
model of an automobile to test such things as: What 
is the effect on performance, acceleration, and such 
of (1) adding 300 lb to the weight of the car, or (2) 
increasing engine displacement by 50 cu in.? 

These questions can be answered without con- 
structing a physical model and subjecting it to tests 
—a computer gives the answer in minutes. Other 
specific models include a model of a condenser for 
refrigeration systems and a model which allows 
testing an airplane’s performance (flutter, and 
such) by use of an electronic computer. 

The principal reason for using computers for 
model simulation is that the cost and time involved 
in model building can be greatly reduced. 


data reduction 


A third use of computers in engineering is in what 
has come to be called data reduction. This nomen- 
clature might be defined as a mathematical trans- 
formation of data expressed in one form to data ex- 
pressed in another form or unit. For instance, in 
wind tunnel testing one can measure and record 
pressures and forces, and then apply a set of arith- 
metic operations on this data to arrive at aerody- 
namic units such as coefficient of lift and coefficient 
of drag. Many devices record a voltage which then 
must be converted to other units. 

The computer serves a very useful role in data re- 
duction because it allows fast conversion of raw 
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5 Areas 


Newest Tool 


data for quick evaluation and because it gives a very 
elaborate analysis of the data which, in turn, gives 
a greater return from the test. 


statistical computations 


A fourth, and very significant, use of computers 
has been for statistical computations. When one 
considers that many of the engineering sciences are 
to date empirical, it follows that there is a heavy re- 
liance on statistical methodology. 

Statistical computations are normally simple but 
voluminous and laborious. For example, calculating 
multiple regression coefficients for a set of n varia- 
bles involves solving a set of linear equations of or- 
der nm. The number of arithmetic operations to 
solve a set of linear equations is approximately the 
cube of the order of the set. For a set of 100 linear 
equations, this means that about 1,000,000 arithme- 
tic operations are necessary. A large scale com- 
puter can arrive at the solution of 100 simultane- 
ous linear equations in about 10 minutes. 

Common computer applications are: calculation 
of means and standard deviations, simple correla- 
tion coefficients, least squares curve fitting, multiple 
regression analysis, analysis of variance, and factor 
analysis. 


operations research 
and management science 


The last general area which will be mentioned is 
the use of computers in operations research and 
management science. 

The techniques of linear programming, for in- 
stance, wherein a set of linear restraints and an as- 
sociated linear function are to be solved optimally, 
have been very useful in petroleum engineering. 
Here one is concerned with determining which end 
products to produce from given crude oils, so as to 
maximize profit. The solution depends on demand 
for each possible product, profit for each product, 
and the quantities of each product that can be pro- 
duced from each unit of the various crudes avail- 
able. 


To Order Paper No. $40... 
...0n which this article is based, turn to page 5. 
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the logical dissection of a 


MODERN COMPUTER 


would result in five parts: 


@ An input device of some sort to al- 


low the computer to ingest data. 
Conventional devices used for in- 
put currently are punched cards, 
punched paper tape, and magnetic 
tape. Because of its speed (up to 
60,000 characters per second), 
magnetic tape is most commonly 
used. 


@ To allow communication from the 

computer, output devices are re- 
In addition to the same 
media used for input, common de- 
vices are the line printer (up to 
1000 lines of 120 characters each 
per minute) and cathode ray tube 


quired. 


display units. 


@ A unit to remember (store) both 


instructions and data fed into the 
computer. Medium scale comput- 
ers commonly use a revolving cyl- 
inder (drum) to store information 
in the form of coded magnetic bits. 
Most large scale computers use tiny 
ferrite rings (magnetic cores) to 
store information magnetically. 


@ In order to compute, there must be 
Computing 


an arithmetic unit. 


F 


PULL 
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speeds are probably the most un- 
believable of all the characteristics 


of modern computers. 


ertions per second. 


@ The characteristic of the electronic 


computer which has led to the term 
“giant brain” is the ability to dis- 
criminate. It is this ability which 
allows such applications as lan- 
guage translation. This ability is 
probably the greatest untapped 
source of usefulness for electronic 
computers. 


Commer- 
cially available computers are ca- 
pable of over 40,000 arithmetic op- 
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Battle to Quiet 


Grows Hotter 


Cars 


Ford's new bump rig helps find basic cause of noise in proto- 
type vehicles, so changes can be made before production starts. 


Based on paper by 


R. H. Bollinger and H. N. McGregor 


ORD has developed a bump rig which enables the 
pitched or period-type noise to be distinguished 
on the basis of its frequency, amplitude, and whether 
or not it is torque sensitive. These characteristics 
provide important clues to the basic cause of noise 
in prototype vehicles so that remedial action can be 
taken to correct it before production is undertaken. 
This is very necessary in view of the many design 
factors tending to make cars noisier. 


Bump Rig Construction 


The rig is essentially a chassis dynamometer lo- 
eated in an anechoic room, 30x30 by 20 ft high. 
Room surfaces are covered with fiberglass wedges 
40 in. in depth. This makes the room echo-free and 
anechoic, thus simulating road acoustic conditions. 
High-frequency sound is almost completely ab- 
sorbed, but below 50 cps the absorption efficiency of 
the room drops off. 

The main floor is built of a heavy grille, separating 
the room level from a lower sublevel. The rolls are 
cast steel, 6 ft in diameter and mounted on a con- 


























Fig. 1 — Frequency of a period noise is the most valuable clue to 
identification of cause. A frequency analyzer provides this analysis 
of vehicle interior noise (at 56-mph period), pointing out the major 
frequency component or components of the noise. From this the 
alignment chart is prepared, as shown in Fig. 2. 


crete pedestal with a separate isolated foundation. 
The vehicle under test is at the main floor level with 
either front or rear wheels on the rolls. Over 600 hp 
can be absorbed from the rear wheels with tire 
breakaway torque the only limiting factor. Current 
production passenger cars can be held to less than 
10 mph, wide-open throttle. When used for suspen- 
sion tests, sinusoidal cams or sharp-edged cleats can 
be attached to the rolls. With the variety of cams 
available, the vehicle suspension can be excited at 
ride, wheel hop, and shake frequencies. 

The torque sensitivity of a period often can be de- 
termined by observation. If a period can be made to 
come and go by depressing and releasing the accel- 
erator while maintaining a fairly constant speed, it 
is torque sensitive. The frequency of a period is, 
perhaps, the most valuable identifying clue and it 
can be determined by a frequency analyzer which 
gives a chart (Fig. 1) pointing out the major fre- 
quency component or components of the noise. 
Knowing this and the car speed, it is a simple mat- 
ter to identify the offending part by an “alignment 
chart.” 

The alignment chart (Fig. 2) is a graph of vehicle 
component frequency (usually the ordinate) versus 
car speed. It is easily prepared by laying off on the 
abscissa the vehicle speed from zero to the maximum 


4th ORDER ENGINE 


2% oRDER 
DRIVESHAFT 


20 60 70 


3 26©40~C«S 
CAR SPEED- MPH 
Fig. 2— This alignment chart is a graph of vehicle component 


frequency versus car speed. It serves to identify the offending 
part, an essential step in curing cause of noise. 


SAE JOURNAL 





encountered (0 to 100 mph is a convenient range), 
and on the ordinate the frequency from 0 to the 
maximum expected (0 to 150 cps will suffice for most 
cases). The rotational frequencies of the various 
car components are then plotted as a function of ve- 
hicle speed. With reference to the frequencies 
shown in Fig. 2, by first order is meant the rotational 
speed of the component in cps, second order is twice 
the rotational speed, and so on. From our hypothet- 
ical frequency spectrum at 56 mph (Fig. 1) our 35- 
cps noise component would be first-order driveshaft. 

Knowing the offending component pinpoints the 
two ends of the transmission path: at the one end 
the listener’s ear or some vibrating contacting com- 
ponent, at the other the sources of vibration. Some 
of the main sources of this type of pitched noise are: 


1. Engine unbalance (first-order engine). 
2. Engine firing impulse (fourth-order engine 
for eight cylinders). 
3. Driveshaft unbalance 
shaft). 
. Universal joint vibration (second-order drive- 
shaft). 


(first-order drive- 


. Wheel and tire eccentricities (first-order 
wheel plus higher orders). 

. Gear noise (tooth contact frequency plus 
higher harmonics). 


Knowledge Leads to Cure 


Identification of the original sources of vibration 
forces can sometimes lead directly to a fix. First- 
order engine or driveline vibration, for example, 
usually can be eliminated by careful balancing; sec- 
ond-order driveshaft vibration, by reducing univer- 
sal joint angles or by rephrasing the yoke angles. 
Originating forces may be quite small yet be accen- 
tuated by a resonance occurring somewhere along 
the transmission path. Here the general attack is 
to eliminate or damp out the resonance, first by find- 
ing the resonating part, then either raising or lower- 
ing the resonance out of the critical speed range, or 
damping the component vibration to a point no 
longer offensive. 


To Order Paper No. 2B... 
...0n which this article is based, turn to page 5. 


Anti-Collision Devices for Aircraft. . . 


... to extend or replace the sensory, 
computing, and response functions of the 


human operator are of increasing interest. 
We must keep the aircrew’'s response capa- 
bilities in mind in designing the devices. 


By Wilson Wong 


Human Engineering Analysis Group 
Northrop Division, Northrop Aircraft, Inc 


NVENTION of anti-collision devices to extend hu- 

man functions recognizes the limitation of human 
visual senses for detecting aircraft, due to restricted 
view from cockpits, the lack of aircraft conspicuity, 
and the physiological limits of the eye. Critical 
time factors in collision-course situations require 
either that display of instruments transmit infor- 
mation to the aircrew in a manner to minimize 
operator reaction time, or that an automatic colli- 
sion-avoidance system be used. For example, for 
avoidance only 11 sec warning is available between 
two 500-knot aircraft first detected at 3 miles in a 
head-on collision course. 

The development of sensory equipment to aug- 
ment the visual search function of man is a major 
step toward an automatic collision-avoidance sys- 
tem which would bypass the man in all operations, 
taking advantage of certain machine characteris- 
tics in arriving at the appropriate control action in 
the shortest time possible. Much investigation and 
testing are required before there will be operational 
detection equipment with adequate range, coverage, 
and reliability, not to consider the computing and 
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control functions. Until sensed position data can be 
translated unequivocally into control responses by 
computer programs, the superior attributes of judg- 
ment and flexibility in man are required in the eval- 
uation of each threat situation. 

While man has an essential decision function in 
warning systems, the question of optimum alloca- 
tion of system functions between automatic action 
and human intervention is a fundamental area of 
human engineering investigations. Here the pri- 
mary human interactions are centered about dis- 
play and control functions, and even a cursory 
assessment of information-display problems in col- 
lision-warning systems indicates that speed and 
accuracy of operator response are critical factors. 
(However, little attention has been given to human 
factors in the display function of some anti-colli- 
sion systems proposed recently.) 

It has been demonstrated experimentally that 
human reaction time increases as a function of the 
number of stimulus alternatives, and is directly pro- 
portional to the average information transmitted 
from the display to the response (where informa- 
tion is defined according to the Shannon formula- 
tion in communication theory). Although the num- 
ber of signals that could appear simultaneously on a 
warning display depends on traffic density condi- 
tions and machine limitations, the capacity of the 
display and the amount of information to be pre- 
sented for each aircraft should also be considered 
in terms of human capacities. Data such as range, 
azimuth, closing rate, and elevation angle would 
pinpoint each intruder aircraft. But the gain in in- 
formation should be weighed against the time re- 
quirements for processing and comparing this in- 
formation. 

Under laboratory conditions, when the operator 
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is anticipating the onset of one of two visual stim- 
uli, a typical time of 0.25 sec is required for initia- 
tion of the alternative right or left side key-pressing 
responses. In-flight tests at Wright Air Develop- 
ment Center show that reaction increases to about 
2.5 sec for similar visual indications to pilots flying 
a C-131B in local transition. Another 3.5 sec should 
be added to the total reaction time to include the 
time required for getting the aircraft into a 45-deg 
bank. 

A command indication alone would minimize 
stimulus information, thus avoiding clutter and es- 
tablishing conditions for quicker reaction time. 
However, in this case, providing that the corrective 
action could be specified, a machine could react 
even faster. 

The nature of the display signal, as perceived by 
the operator, is another variable that may adversely 
affect reaction time. Perceptual confusion concern- 
ing the “trouble” and the corrective action required 
could be reduced by using distinct kinds of indica- 
tions. Thus, “alarms,” referring to immediate dan- 
ger, and “warnings,” indicating potential danger 
Should be differentiated. This distinction is also 
the essential difference between collision-warning, 
and proximity-warning systems. Utilizing different 
human senses would permit easier signal discri- 
mination. Operator uncertainty as to the intent of 
the display increases his reaction time. 

Research on the stimulus-response compatibility 
of displays shows that optimum performance de- 
pends more upon the interaction of the stimulus 
display with the control characteristics than upon 
the primary effects of either of these alone. Con- 
flicts between display and control arrangement, in 
one experiment, have increased the reaction time 
over 14% times and almost doubled the percentage 
of errors over that obtained with a compatible ar- 
rangement. 

A combination of several flight parameters on one 
instrument may result in a more natural representa- 
tion of stimulus information. Combined data are 
generally more easily interpreted when presented 
on pictorial displays; spatial relationships, espe- 
cially, are interpreted more quickly with fewer 
errors. 

Training in the understanding of system limita- 
tions, and past experience with the particular sys- 
tem, are major determinants in how the operator 
will react to the next signal. If, in a high task load 
or stressful situation, the operator tends to react 
“according to habit,” the system should be such that 
it minimizes interference with these habits and per- 
ceptions. In addition, unless the warning system 
limits the number of spurious warnings, the oper- 
ator response will be less predictable, and his ten- 
dency to mistrust or ignore the signal will be re- 
flected in a delayed reaction. 

The display exists for the purpose of transmitting 
information about the system to the human oper- 
ator. The discriminatory response of an organism 
to a stimulus, according to one definition, consti- 
tutes the evidence of communication; thus, the op- 
erator efficiency is increased by providing optimal 
conditions for communication. For increased sys- 
tem effectiveness, operator efficiency should not be 
sacrificed for engineering efficiency in equipment 
design and operation. 
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WS in missile design and performance cause 
malfunctions which usually result in flight termi- 
nation by command or accident. The press gen- 
erally reports these terminations as failures, al- 
though many represent successful tests. An ex- 
ample of this is the need to command a missile be- 
yond its design tolerances for the specific purpose of 
determining the exact failure limit. 

On the first Atlas shot, 95% of the test objectives 
were achieved although the missile flew for less than 
one minute. Similarly with tests involving the “big” 
missiles, even though many of them terminate 
within minutes or even seconds of launching. 

A ballistic missile flight of only 15 min will yield 
250,000 discrete data points (individual readings), 
such as instantaneous temperatures, switch posi- 
tions, and pressure velocities. With missiles which 
have experienced malfunctions or failures, it is the 
rule rather than the exception that analysis of the 
data reveals precisely the cause of the malfunction. 

The purpose of tests is to record performance. 
We must measure the position of missiles in space 
during all critical portions of flight. This can be 
done to an accuracy of a few inches with relative 
ease by using high-speed cameras when missiles are 
within a mile or so of the launch area, or to an ac- 
curacy of about 30 ft for ranges up to 15 miles by 
using theodolites and extending this range by 
modern radars. The high-speed camera used is 
shown in Fig. 1. 

On the other hand, to measure the position of 
ballistic missiles traveling at 10,000 to 15,000 mph 
at altitudes of several hundred miles requires the 
ultimate in electronic phase comparison techniques. 
The equipment measures direction cosines to an ac- 
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Flight Tests 


Successful “flops” are steps on the road to perfection. 


to determine flaws. 


Fig. 1 — High-speed camera which enables position of missile to be 
measured to an accuracy of a few inches when within a mile or so of 
the launch area. 


curacy of 2 parts per million and can detect change 
in position of 15-30 ft up to a range of 500 miles. 


Trajectory Problems 


*The Vanguard project well illustrates the com- 
piexity of the instrumentation problem. In order 
to achieve a circular trajectory of the satellite 
around the earth, instead of a flattened or elliptical 
one, we must be able to track the Vanguard after its 
second stage has fired, and compute the exact time 
the flight path becomes parallel to the earth so that 
the third stage can be fired at that instant, boosting 
the satellite to orbital velocity. This is accomplished 
by tracking the missile by radar from a downrange 
island station, transmitting the radar data to the 
launch base at Cape Carnaveral via a submarine 
cable, computing the time to fire the third stage in 
an IBM 704 computer at the Cape, then automat- 
ically transmitting a third-stage firing signal to 
the vehicle at the proper instant from an inland 
station 300 or 400 miles downrange. A schematic 
of the trajectory is shown in Fig. 2. 
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Fig. 2— Schematic of trajectory showing the downrange tracking of a 
missile so that third stage can be fired the instant the flight path be- 
comes parallel to the earth. 


Missile developers have imposed rigid photo- 
graphic requirements in order to observe and study 
the characteristics of missiles, such as flame pat- 
terns, stability, autopilot response, booster ejection, 
and staging. Cameras having a 500-in. focal length 
are used to take pictures of missiles in flight at 
ranges up to 200 miles. 

Telemetering affords the principal source of in- 
formation on what is happening inside missiles. 
Telemetry data are received on as many as 175 
separate functions on each flight, which may give 
as many as the 250,000 data points, already men- 
tioned. Four antennas enable coverage of the 5000- 
mile trajectory of a missile. 

After the firing, all of the data, the magnetic 
tapes, the radar plots, and the upper atmosphere 
soundings are rushed to the data reduction facility 
where the raw data are fed through automatic re- 
duction processes. In a matter of days, the end 
result of the thousands of man-hours expanded is 
a Flight Test Report, one more forward step on the 
long, hard path in the development of missiles. 
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Solid-State Physics 
Unveils Atomic Mysteries 


Scientists are beginning to understand what goes on inside materials. 


Advances due to solid-state physics primarily have been in elec- 


tronics but the future will bring superior materials for all fields. 


Based on paper by 


Michael Ference, Jr. 
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EALING with the intrinsic behavior of electrons 

and atoms in solids, solid-state scientists are ob- 
taining “inside” knowledge of such phenomena as 
semiconductors, surface behavior of materials, su- 
perconductivity, magnetic resonance, photoconduc- 
tivity, luminescence, and electroluminescence. 

These, however, are but a shadow of the potenti- 
alities of this new science. Once the atomistic na- 
ture of materials is mastered, scientists will be able 
to provide radically new properties and revolution- 
ary materials that defy conception in terms of pres- 
ent-day experience. 

This article reviews some of the advances of this 
new technology and presents highlights of some of 
the newer ideas being considered in the research 
laboratories. 


Semiconductors—The Transistor 


Early in the studies of solids it was recognized that 
there exists a class of materials whose electrical 
properties fitted no pattern among the then known 
materials. Unlike ionic salts, conduction in these 
materials was not by ion transport—in fact, conduc- 
tivity was often much greater than in the simple 
stoichiometric ionic salts. Although some of the 
materials exhibiting such properties, for example 
silicon and germanium, are metallic in appearance, 
the electrical conductivity observed was considera- 
bly smaller. But most unusual, the temperature co- 
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efficient of resistance was negative in sharp contrast 
to metals as shown in Fig. 1. 

The first really major success of what we now call 
the band theory of solids was its explanation of so 
many of the observed properties of these so-called 
semiconductors. What the physicist postulated was 
that when atoms are put together to form a solid, 
their individual energy levels merge to form a band 
that has a finite width on an energy scale but which 
can be separated one from the other as shown at the 
top of page 37. 

In a semiconductor the valence electrons occupy 
all possible energy levels in the ‘“‘valence band”. The 
next highest energy band is separated from the 
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Fig. 1 — Variation of electrical resistance of some typical metals and 
semiconductors. 
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filled one by an energy gap (about 0.7 ev for germa- 
nium). So long as the lower band is completely full, 
the electrons contained in it cannot possibly conduct 
electricity, for imparted motion to the electron im- 
plies the addition of kinetic energy but there are no 
new energy states allowable. 

In all insulators this is precisely the case since the 
“conduction band” is at a much higher energy so 
that to all intents and purposes there is no possibil- 
ity of conduction. 

In an “intrinsic semiconductor” the energy sepa- 
rating the valence band from the conduction band is 
sufficiently comparable to thermal energies that a 
finite number of electrons can be thermally exited 
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into the conduction band and thus contribute to the 
conductivity. Statistical thermodynamics not only 
tells us that this number will increase with tempera- 
ture and thereby explain the negative temperature 
coefficient of electrical resistance but also provides a 
means of calculating preciseiy the number and tem- 
perature dependence. 

In the case of a simple metal such as sodium, cop- 
per, and silver, the valence band is only partly filled 
and electrons near the top of this band may absorb 
energy from an electric field and hence conduct 
electricity. 

It is now easy to see why semiconduction is so 
sensitive to impurities. An impurity which replaces 


type) 
Conduction Band 


Acceptor Level 


Se a 


Occupied 


Donor 


Levels 


Conduction 


Band Vacant Acceptor 


Levels 


—_—- Ol 


AE~kT 


Valence Band Valence Band Valence B 


Fig. 2— Energy band picture of an intrinsic semiconductor, and defect and ex- 


cess impurity semiconductors showing impurity energy levels. 
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Fig. 3 — Conduction by holes in a defect (p-type) semiconduc- 
tor. The hole moves against the electric field. 


37 





Solid-State Physics 


Unveils Atomic Mysteries 


continued 


an atom in the parent lattice contributes additional 
energy states which may lie in the otherwise forbid- 
den energy region. If the impurity atom has more 
valence electrons than the atoms of the matrix this 
state will be occupied but a relatively small amount 
of thermal energy can exite the electron into the 
conduction band. The impurity state is then called 
a donor level. 

If, on the other hand, the impurity atom has fewer 
valence electrons, the extra state or states in the 
forbidden energy range is empty and it may accept 
an electron that would be exited into it from the top 
of the valence band, hence it is called an acceptor 
state. This is shown in Fig. 2. Thus, we see that a 
relatively small number of impurities can alter very 
appreciably the electrical properties of such a mate- 
rial. 

When an electron is exited from the valence band, 
whether into the conduction band or into an accep- 
tor state, it leaves behind ita hole. This hole may be 
viewed as a positive charge in the sea of electrons 
and thus can also contribute to conduction. An 
electrical model for the motion of a hole against an 
applied field is shown in Fig. 3. 

The discovery of the transistor was a direct out- 
growth of the “hole” hypothesis. It was, in fact, a 
consequence of the recognition that some of the 
anomalous observations of the electrical properties 
of semiconductor surfaces can only be explained by 
assuming an unusual preponderance of holes in the 
neighborhood of the metal contact. 

From this relatively simple concept grew the tran- 
sistor industry, for, it was only a short step from the 
recognition of what was going on inside the semi- 
conductor to the enslavement of the effect for prac- 
tical good. 

But the understanding of the electronic nature of 
a semiconductor has brought with it more than just 
the transistor. It soon became evident that models 
of semiconductor materials have certain attractive 
advantages. In particular, they readily lend them- 
selves to quantitative calculations. 

A major undertaking was launched by the theoret- 
ical solid-state physicist at solving quantitatively 
the problem of the energy states in these materials 
and thus predicting their resulting electrical, mag- 
netic, and thermal properties. The result has been 
a new appreciation of the role of such factors as 
electron mobility and effective electron mass (a new 
concept introduced by the solid-state scientist) in 
influencing all sorts of properties. 

Let us look at some of the by-products of this: 
man has talked for many years about the possibility 
of utilizing in a practical way, other than for tem- 
perature measurements, the thermoelectric effects. 
Thermoelectric cooling has captured the imagina- 
tion of the engineer for a long time but defied prac- 
tical embodiment because of the smallness of the 
effect and the low coefficient of performance of a 
thermal engine. But great strides have been made 


in understanding the true theoretical significance of 
the thermoelectric effect in terms of electrons in 
solids. These studies suggest that practical adapta- 
tion may be just beyond the realm of immediate 
feasibility but is certainly in the cards for the not 
too distant future. It is interesting to contemplate 
a thermoelectrically cooled car for the future, or the 
utilization of waste exhaust heat for the generation 
of electrical power. 


Surface Phenomena 


The transistor provides a classic example of the 
manner in which basic research on the fundamental 
behavior of electrons in solids has led, in a relatively 
short period of time, to a completely new and useful 
device. But the prediction of transistor action in 
certain semiconductors was only made possible by 
some rather ingenious speculations concerning 
anomalous effects which take place at the surface. 
In this respect, a completely new field of research 
had been opened to the solid-state scientist with 
far-reaching practical implications. 

The study of the surface of a solid presents a 
brand-new challenge. Our present understanding 
of the atomistics of solid properties has been pre- 
dicted upon the concept of an idealized lattice that 
is both perfect and infinite. 

There is, however, a close dependence of structure- 
sensitive properties on the degree of perfection, and 
we can expect unusual properties to accompany a 
more complete understanding of imperfections. 

A substantially similar extrapolation can be in- 
ferred for the understanding of surface properties, 
and here too we can surely anticipate a myriad of 
new properties and new materials. 

As an example of how solid-state science is open- 
ing up a new frontier of knowledge, consider the new 
class of materials known as cermets. These are 
finely dispersed ceramic materials bonded together 
with a metal or alloy binder and show remarkable 
mechanical and wear behavior. It is not completely 
clear why this should be so, but if the mystery can 
be unlocked, a veritable treasure of new materials 
with undreamed of properties will be unfolded. It 
has been found, however, that the critical parameter 
is the tendency of the metallic binder to wet the 
surface of the ceramic. This, in turn, has been dis- 
covered to depend very critically on the electron 
states in the alloy system. Some new cermets have 
been created utilizing this newly acquired infor- 
mation. 


Superconductivity and the Cryotron 


Let us turn now to another area of basic research 
in solids that has seen ultimate fruition in the form 
of practical realization: superconductivity. 

It has been known for a long time that there are 
certain metals which when cooled to temperatures 
near liquid helium (— 450 F) lose their electrical re- 
sistance completely. But a particular characteristic 
of superconductors is that the superconductivity can 
be destroyed by a magnetic field as shown in Fig. 4. 
The magnitude of field required is a function of 
material and temperature. 

Recently, an important application for the super- 
conductivity phenomenon has been discovered 
which may well reorient all of computer technology 
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—this is the cryotron. It can be used as a memory 
element for computers and utilizes the principle of 
destruction of superconductivity by a magnetic field. 

By using a very fine superconducting wire and an 
equally fine coil wrapped around it plus appropriate 
circuitry designed to detect whether at any given 
instant the wire is superconducting or not, an ef- 
fective binary memory element can be made. In a 
recent embodiment of this invention, it was indi- 
cated that a computer can be constructed contain- 
ing 300,000 such binary elements in a volume of 1 
cu ft—a thousandfold gain in volume over conven- 
tional circuitry. 

By utilizing niobium and tantalum, whose transi- 
tion temperatures differ, it is possible to design a 
superconductive amplifier that operates at liquid 
helium temperatures without conventional tubes or 
transistors. The magnetic field is the control ele- 
ment. 


Magnetic Resonance and Masers 


We turn now to another area that has led in a 
very short span of time to another new method of 
electrical amplification. 

A rather interesting and exciting field of physics 
that has grown up since the war is that of nuclear 
and paramagnetic resonance. An atom in a para- 
magnetic material has a permanent magnetic mo- 
ment as do most of the nuclei. Classical electro- 
magnetic theory tells us that in a magnetic field 
this moment will precess about the field at a cal- 
culable frequency and that if high frequency radia- 
tion of the same frequency is pumped into the 
system, the elementary magnets can absorb a de- 
tectable amount of energy from the radiation field. 
A completely equivalent quantum picture can be 
drawn of this process utilizing the concept of energy 
states in a magnetic field and transitions between 
the states excited by quanta of electromagnetic 
radiation. 

The solid state scientist recognized at an early 
stage in the development of this field its potential- 
ities as an analytical tool. The resonance technique 
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Fig. 4 — Variation of electrical resistance with temper- 
ature for a typical superconductor (lead). The dashed 
curve shows the behavior in the presence of a strong 
magnetic field. 
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provides a probe which can penetrate into the in- 
terior of a solid and by determining the local fields 
at a nucleus or paramagnetic atom provide much 
information about the structure and molecular 
architecture of solid bodies. 

A year or two ago, a major application for this 
phenomenon was uncovered which bodes well to give 
a new dimension to communications technology. A 
more than cursory scrutiny of the scientific basis of 
this development should prove rewarding. In order 
to illustrate this point, the quantum approach will 
perhaps be more suitable. 

An elementary atomic magnetic in a field can 
have two possible energy states—parallel to and 
antiparallel to the field. At any given temperature, 
there will be a statistical equilibrium distribution 
for all the atomic magnets among the two possible 
states with the lower of the two more populous. 
Applying electromagnetic radiation of the proper 
frequency can cause transitions between the two 
states resulting in power absorption if the transition 
is upward and in emission if the transition is down- 
ward. 

For emission to take place, there must be some 
method by which the energy can be exchanged be- 
tween the magnet and the outside world—a tech- 
nique called the “relaxation mechanism.” We can 
readily conceive in principle and realize in practice 
a situation in which we can pump power into a de- 
vice with a pulse of high frequency radiation, caus- 
ing the upper state to be more highly populated than 
the lower as shown in Fig. 5. If then an external 
radio signal of that frequency is incident upon the 
system, it will stimulate the emission of additional 
radiation by causing the system to “relax.” Thus 
we have, in effect, an amplifier in paramagnetic 
systems at reasonable laboratory fields. The energy 
gap between levels corresponds to radiation in the 
microwave range of frequencies, hence the name 
Maser—microwave amplifier by stimulated emission 
of radiation. 

Bloembergen of Harvard recently outlined theo- 
retically a method for the continuous operation of 
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Fig. 5— Statistical distribution of magnetic atoms 
among possible states in magnetic field Ho. By ab- 
sorption of radiation of frequency 24H» the population 
of atoms in the upper state can be significantly in- 
creased. 
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a Maser as an oscillator. Scovil and his associates 
at the Bell Telephone Laboratories constructed such 
an oscillator operating at about 9000 mc, by using a 
17,500 mec power supply and a 3000 gauss magnetic 
field. The solid used was lanthanum ethyl sulphate 
doped with gadolinium. The remarkable feature of 
this type of amplifier is that it can be used at very 
low temperatures and as a consequence has a very 
low noise factor (nearly zero db). Thus with Masers, 
one may talk of signal-to-noise ratios previously 
unheard of in microwave technology. This means 
that the microwave frequency regions now offer po- 
tential for long distance communication since it will 
now be possible to detect very feeble signals. Al- 
ready Masers are being used in radio astronomy 
where this signal-to-noise feature makes all the dif- 
ference between detection and nondetection of sig- 
nals. 


Photoconductive, Luminescent, 
and Electroluminescent Materials 


Perhaps one of the most intriguing areas of appli- 
cation of semiconductor-like materials is that con- 
cerned with luminescent and photoconductive ma- 
terials. 

With the advent of the transistor and the solution 
of the problem of why such materials behave as they 
do, the secret of photoconductivity, particulary in 
the infrared, and perhaps to a lesser extent of lumi- 
nescence began to be unveiled. Let us examine this 
from the energy band point of view. 

Suppose that the gap in energy between the top 
of the highest full band and the bottom of the con- 
duction band corresponds to just the energy as- 
sociated with, let us say, infrared radiation. In that 
case, exposure to infrared would cause a particular 
material to be highly conductive. This, in essence, 
is the principle of the infrared detector cell. Un- 
fortunately, nature provides us with just a limited 
number of materials whose energy gaps just fit the 
particular radiation energy which we may desire. 

Since an equally efficient method of making a 
semiconductive material conductive is to have the 
gap between an impurity state and a band equiv- 
alent to the appropriate radiation energy, we may 
molecularly engineer a material to fit our needs. 
For example, suppose we can conceive of an im- 
purity which places a vacant state of exactly the 
indicated energy above the top of the conduction 
band, then this behaves just as our acceptor states 
do in the case of a semiconductor. The oncoming 
energy excites an electron from the top of the filled 
band and conduction then takes place by means of 
holes. Utilizing this concept, extremely sensitive 
infrared detectors, previously inconceivable, have 
been devised. 

An important by-product of the understanding of 
the photoconductive process is the invention of a 
new duplication or printing process known as xero- 
graphy. Fig. 6 shows schematically the manner in 
which this method of duplication operates. When 
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light strikes a photoconductive surface, those areas 
that are struck by the light become photoconductive. 
Thus, if a metal plate backs up a photoconducting 
material, the surface of which has been charged, 
the charge can leak off in the areas that have been 
struck by the light. If pigment particles are subse- 
quently passed along the surface, they will stick in 
the charged regions and skip completely the un- 
charged regions and thus provide a positive print. 
This provides a very efficient process for printing 
with resolutions of 10 lines per mm attainable and 
printing speeds of 1200 ft per min possible. 

Just about the time that the cathode ray presen- 
tation of data on naturally occurring phosphors 
looked feasible enough and fast enough to be useful 
in television communication, the strides in under- 
standing matter made it possible to devise new and 
better materials which would be photosensitive and 
which would luminesce when struck by either elec- 
tron beams or by light of one form or another. To- 
day we can conceive of a variety of potential appli- 
cations which await only the more precise evalua- 
tion and discovery of methods of inducing specific 
sensitivity in luminescent materials. 

Luminescence is not completely unrelated to what 
we have discussed in connection with electron ex- 
itations in semiconductors. As a matter of fact, it 
is almost the precise inverse of photoconductivity. 
whereas in photoconductivity light is absorbed giv- 
cing rise to excitation of electrons from a lower state 
to an upper state, in luminescence the converse is 
true—it is the electron which is somehow trapped 
metastably in a state of higher energy and releases 
its energy in the form of electromagnetic radiation 
in the process of degrading itself to a lower available 
state. 

The principal difference between the types of 
materials which are the prototypes of luminescent 
materials and the usual semiconductors is that an 
unusual combination of circumstances is necessary 
for the metastable trapping states to exist and for 
the energy of these states relative to the valence 
band to lie precisely in the optical range. The ex- 
istence of these depends, in the final analysis, on 
such parameters as the crystal structure and the 
type of imperfection which allows the state to re- 
main metastable allowing the electron to exist in- 
definitely in such a state until it radiates its energy. 

There are different types of luminescence. There 
is phosphorescence and fluorescence depending on 
whether the radiation is emitted immediately after 
the electron is exited into the upper state or whether 
there is a time lag. Be that as it may, the scope of 
potential applications in this area is very wide, par- 
ticularly in automotive engineering where color ef- 
fects as well as surface finishes can ultimately be 
conceived of as arising from this sort of an effect. 

An important development just emerging from the 
industrial laboratories is the phenomenon of elec- 
troluminescence. In brief, electroluminescence is 
light emission from phosphor powders embedded in 
an insulator and excited by an a-c field. As late as 
1950 the light produced through electroluminescence 
was so weak that it could be seen only in a darkened 
room; the efficiency of energy conversion to light 
was also distressingly low. 

Progress, however, has been tremendous, for today 
the brightness is beginning to match fluorescent 
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Fig. 6 — Principle of xerog- 
raphy. Charge can leak off 
the surface through the 
photoconducting material to 
the grounded plate wherever 
light strikes. 


lights and the efficiency has been increased to about 
9 lumens per watt compared to 16 lumens per watt 
for an incandescent lamp. 

Electroluminescence provides the first large area 
source of light, produces an even glare-free light, 
and can be made in practically any size or shape. 
By the proper choice of phosphors, a wide variety 
of colors can be produced including blue, green, yel- 
low, red, and when properly mixed, white light. 

A simple electroluminescent cell is shown in Fig. 7 
and consists of a phosphor powder, usually ZnS, em- 
bedded in a clear plastic and connected to two elec- 
trodes. So the cell may operate at low voltages and 
still provide fields of the order of 100,000 volts per 
in. an extremely thin layer of phosphor-insulator is 
necessary. 

The basic mechanism of electroluminescence is 
only qualitatively understood and we shall resort to 
the band theory with impurity or luminescence cen- 
ters present for a simplified discussion of this inter- 
esting phenomenon. In electroluminescence the 
strong applied field provides the energy source to 
raise electrons into the conduction band. These 
electrons are accelerated by the field, collide with 
luminescent centers freeing other electrons which 
in turn are accelerated, and so on. Light emission 
occurs when the direction of the field reverses so 
that the electrons that originally occupied lumi- 
nescent centers may return to the now empty cen- 
ters and recombine with them to produce light. 
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Fig. 7— The principles of 
the electroluminescence cell. 


When the frequency of the applied voltage is 
varied some phosphors emit a different color. As 
the frequency is increased the color shift is always 
toward the shorter wavelengths. Brightness of the 
cell is affected by frequency and also by voltage 
changes. Brightnesses of the order of 2000 foot- 
lamberts have been attained with a green phosphor 
cell operating at 600 v rms and a frequency of 20,000 
cps. Unfortunately, the efficiency of present cells 
is low at these high brightnesses. Research is un- 
derway to increase efficiency, brightness, and color 
ranges. 


The Future 


There can be no doubt that major improvements 
of the known properties of existing materials can 
be anticipated. But what captures the imagination 
of those who wish to project their creative processes 
into the future is the anticipation of radically new 
properties and revolutionary materials. These are 
not just improvements in existing properties (a truly 
worthwhile objective in itself). These are properties 
yet to be discovered—perhaps in materials yet to be 
synthesized—conceived in man’s understanding of 
the mechanics and dynamics of the elementary par- 
ticles which make up the solid. 


To Order Paper No. 23B... 
...0n which this article is based, turn to page 5. 
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Chromallized Steel .. . 


Dased m paper Dy 


Richard P. Seelig 


y p 


HROMALLIZING enables ordinary iron and steel 

to resist rusting like stainless steel, wear and 

abrasion like carbide, and oxidation like high alloy 
materials. 

The Chromalloy process is a method of diffusing 
chromium (and other elements) into the surface 
of metal. As the chromium diffuses into the base 
metal it combines with the elements therein to form 
an alloy case which is an integral part of the base 
metal, but with the properties of the new alloy. Un- 
like superficial coatings, the case won’t peel, spall, 
chip, or flake off. All surfaces, including inside 
diameters and roots of threads, are penetrated. 

The metal parts are packed with a chromium- 
containing powder compound and placed into a 
sealed retort, heated to elevated temperature for 
the required length of time, and then slowly cooled 
in the retort. The composition of the compound, 
the temperature, and the time may be varied to pro- 
duce cases of different depth and properties. The 
choice of base metal also affects the properties of 
the case. 

When parts made of low carbon steel (SAE 1010) 
are Chromallized, the case consists of an iron-chro- 
mium alloy similar to the ferritic stainless steels — 
such as type 430 (Fig. 1). The case is ductile, and 
the part can be bent, formed, and rolled, with con- 
siderable amounts of reduction, without damage. 
Such parts have the corrosion and oxidation resist- 
ance of high chromium stainless steels. The Chro- 
mallized low carbon steel, however, provides ease of 
fabrication and weldability which is superior to 
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... resists rusting, wear, 


abrasion, and oxidation. 


these alloys. In some instances it can, therefore, be 
substituted for 18-8 type stainless. 

The favorable combination of a ductile Chromal- 
loy case and a ductile base metal (in thicknesses up 
to about 1/16 in.) can best be achieved on a steel 
containing not less than 0.06% and not more than 
0.10% carbon. 

When parts made of higher carbon steels are 
Chromallized, the case consists of chromium car- 
bides. This case is extremely hard (up to 2200 VPN) 
and exhibits wear and abrasion resistance similar 
to tungsten carbide surfaces. Since the base steel 
becomes annealed during Chromallizing, subsequent 
heat treatment of the part may be necessary. This 
will not affect the case. 

Stainless steels, nickel or cobalt base alloys, tung- 
sten, molybdenum, and other metals can be Chro- 
mallized to provide protection from oxidation and 
erosion at very high temperatures — up to 3000 F. 


Chromalloy Applications—Heat Resistance 


One type of electric heating element consists of 
a Nichrome wire protected by a metal sheath or cas- 
ing, usually a round or rectangular tube (Fig. 2). 
Between the wire and the outside casing there is an 
insulating material (magnesia powder). This type 
of heating element is used for sheath temperatures 
up to 1500 F. 

Chromallized mild steel (SAE 1010) tubing or 
sheet can be substituted for stainless steel or high 
nickel alloys at substantial savings in cost. Where 
the design calls for rectangular tubing, Chromal- 
lized steel offers the additional advantage of availa- 
bility. Rectangular tubing is not readily available 
in stainless steel. 

One type of electric soldering iron is made with a 
resistance wire element wrapped around a metal 
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core. This core may reach temperatures of 1000 F 
or more, depending upon the design. Cores are 
usually made of steel for the cheaper irons and of 
bronze in the irons for industrial use. Steel oxidizes 
rapidly and bronze loses strength at high tempera- 
tures, causing the tip to stick so that it can’t be re- 
placed. Stainless steel is unsatisfactory because of 
its much lower heat conductivity and its high cost. 

Chromallized free-machining steel has success- 
fully replaced bronze cores for even the highest tem- 
perature service. The steel has about the same heat 
conductivity as the bronze and it machines almost 
as easily. It is considerably less expensive. 

The broilers of some gas cooking ranges are de- 
signed with expanded metal radiants. The ex- 
panded metal is heated by the gas flame to a red 
heat (up to 1500 F) and, as the name implies, radi- 
ates heat to the food being cooked. Stainless steel 
expanded metal was formerly used because of its 
oxidation (scaling) resistance. Chromallized mild 
steel provides the same scaling resistance and costs 
less. In addition, mild steel has better heat conduc- 
tivity than stainless steel. Thus, Chromallized steel 
radiants heat up quicker and provide a more uni- 
form temperature. 

Although any grade of steel can be Chromallized, 
SAE 1010 steel is recommended where the radiant 
is to be bent or formed after Chromallizing. Other 
steels do not form a sufficiently ductile case and 
core. For maximum ductility the section thickness 
of the metal should not exceed 0.030 in. 

Spark plug electrodes are made of a high alloy 
wire to resist oxidation. Ordinary mild steel elec- 
trodes have been tested in spark plugs in test cars 
and so far are operating as well as the high alloy 
spark plugs. The writer’s own car has been operat- 
ing on spark plugs with Chromallized center elec- 
trodes for about 8000 miles with excellent results. 
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Fig. 1—Chromallized low 
carbon steel. The case con- 
sists of an iron-chromium 
alloy similar to the ferritic 
stainless steels 


Gas turbine vanes and blades require high hot 
strength as well as resistance to oxidation and ero- 
sion. Certain materials which have good high tem- 
perature strength but insufficient oxidation resist- 
ance have been Chromallized to protect them at 
temperatures in the neighborhood of 2000 F. Ex- 
perimental work is now in progress to improve 
these special alloy cases. This work is expected to 
help raise the present temperature limitation in the 
operation of aircraft gas turbines. 

Development work now under way indicates that 
Chromallized exhaust valves may eliminate the 
need for sodium filled valves in truck engines. 
Here, it is necesary to provide the alloy with greater 
heat and corrosion resistance at the surface. Three 
different alloy diffusion processes are currently un- 
der study for this application. 


Wear Resistance 


Wherever machine parts are subject to metal-to- 
metal sliding friction, the life of the parts can be 
increased by Chromallizing. A manufacturer of 
zippers was able to feed 965,000 parts through Chro- 
mallized locating plates compared to 279,000 parts 
with ordinary hardened tool steel. Similar results 
were obtained with guides and feeds in can-making 
machinery. Chromallized forming dies for automo- 
bile trim lasted 100,000 operations compared to 3000 
operations for the conventional die material. 

Pistons in a vertical pump, generating pressures 
up to 2200 psi were scoring and causing leakage 
after about 600 hr of service. Chromallized carbon 
steel pistons lasted seven times as long and were 
less expensive than those made of the stainless 
steel formerly used. 

A flexible cable push-pull control for an aircraft 
engine contained two telescoping tubes which oper- 
ated at 1000 F. Type 321 stainless steel tubes failed 
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Chromallized Steel. . . 


continued 


by seizing at 300 cycles. Chromallized 4130 steel 
tubes operated for 100,000 cycles with no failure. 
This is now specified as standard equipment for one 
of the more powerful jet engines being produced. 

Hardened steel links for portable power chain 
Saws are subject to wear from steel pins connecting 
the links and to abrasion from sand and soil. One 
manufacturer of chain saws reported that in cutting 
trees below grade, Chromallized SAE 1070 steel links 
lasted two to three times as long as hard chromium 
plated links. 

A cigarette machine manufacturer tested Chro- 
mallized D-2 tool steel parts against the heat treated 
tool steel formerly used. The parts were subject 
to wear by contact with rapidly moving paper and 
tobacco. Regular heat treated parts wore out after 
producing 15 million cigarettes. The Chromallized 
parts produced 73 million cigarettes. 

A shoe machinery manufacturer tested Chromal- 
lized cutters made from carburized low carbon steel 
(SAE 1018) and compared them to the high speed 
steel (T-1) formerly used. The cutters were sub- 
ject to wear from the shoe leather soles being shaped 
to the correct dimensions. The Chromallized cut- 
ters, although less expensive, outlasted the high 
speed steel cutters from 2 to 7 times. Making the 
cutters from low carbon steel cut material costs 
and provided large savings in machinability. 

Chromallized spark wheels are being used in many 
cigarette lighters. They last 3 to 5 times as long as 
wheels formerly used, and the quality of the spark 
produced is better. 


Corrosion Resistance 


A manufacturer of aircraft relays had difficulty 
meeting corrosion resistance requirements without 
affecting the magnetic properties of relay parts. A 
particular armature had a high rate of rejects be- 
cause the thickness of the electroplated coating 
used, being nonmagnetic, had to be carefully con- 
trolled within very close tolerances. Too thin a 
coating would give insufficient corrosion protection, 
while too thick a coating would unbalance the relay 
because of the magnetic properties required. 

Chromallized Armco ingot iron armatures solved 
the problem. Its corrosion resistance met the ex- 
acting specifications, and since the Chromalloy 





Fig. 2—Protective casing for electric heating element can be made of 
Chromallized mild steel at substantial savings in cost over stainless 
steel or high nickel alloys 
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case is magnetic, it did not interfere with the mag- 
netic properties desired. Furthermore, the customer 
was able to eliminate the “magnetic anneal” for- 
merly required because the Chromalloy process 
anneals the parts during the Chromallizing. 

A manufacturer of steam traps had complaints of 
the trap body eroding due to the action of wet steam. 
He tested trap bodies machined from type 410 
stainless steel and found they were satisfactory 
except for an increase in cost. 

Chromallized ordinary steel steam trap bodies 
were tested and found to be equal to the stainless 
steel bodies in corrosion and erosion resistance, at 
a considerable savings compared to stainless steel. 

An appliance manufacturer had a problem with 
a solenoid valve. The valve stem was machined 
from type 430 stainless steel, and operated against 
a rubber valve seat. Since the stem was operated 
by a solenoid, it was the armature of a magnetic 
circuit. The stainless steel was corrosion resistant 
in ordinary service, but when the machines were 
stored for several months, the stems corroded where 
they were in contact with the seat. 

New armatures were made as iron powder sinter- 
ings, Chromallized, and then impregnated with a 
resin to seal the pores underneath the Chromalloy 
case. These parts were tested for corrosion and 
found to be better than the solid stainless steel. 
Also, the valve operated better because of the supe- 
rior magnetic properties of the ordinary iron core. 
Cost savings were realized by replacing the ma- 
chined bar with a molded metal powder sintering. 


Cost of Chromallizing 


Chromallizing costs are determined by the volume 
of the part and the quantity to be processed at one 
time. They are controlled also by the amount of 
chromium taken up by the steel, the labor required 
to prepare a run, the fuel necessary to operate the 
furnace, and the upkeep of the retorts. Thus, the 
cost of each item has to be considered on its own 
merits and calculations prepared for each applica- 
tion. As a general guide the following comments 
may be helpful: 

In many applications a Chromallized part can 
favorably compete with one made of stainless steel. 
However, if the part has a high volume-to-weight 
ratio the stainless steel part may be cheaper. Usu- 
ally, a larger savings can be realized in applications 
where longer life reduces maintenance and down- 
time. 

An ideal application for Chromallizing is one in 
which the base metal, selected for certain required 
properties, does not have good enough surface prop- 
erties, that is, resistance to wear, rust, or scaling. 

In general, Chromallizing is more expensive than 
the conventional heat treating methods (quench 
and temper, carbonitriding, and such). It is also 
more expensive than simple barrel electroplating. 
However, for certain parts that have to be specially 
handled and racked, Chromallizing may be less ex- 
pensive. 

Chromallizing is less expensive than most hard 
facing processes, such as coating with tungsten car- 
bide. Chromallized parts do not require grinding, 
resulting in further savings. 


To Order Paper No. 30B... 
...0n which this article is based, turn to page 5. 
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CAJUN ROCKET ENGINE has been used in high-altitude research prograrns. In conjunction with a Nike booster, alti- 


tudes over 100 miles have been explored. 


nt of an SAE Metropolitan Section Paper 


This engine is the first off-the-shelf rocket engine in the history of rocketry 


A Solid-Propellant Rocket Engine .. . 


. . . is composed of the composite fuel and oxidizer, the case and 


nozzle assembly, and an igniter or initiator assembly. 


Excerpts from paper by 


Charles R. Voris 


Thiokol Chemical Corp 


OLID-propellant rocket engines, when properly 

designed, will withstand exposure to tempera- 
tures of -65 to 165 F for relatively long periods of 
time and still operate within standard specifications 
at high, low, or standard ambient temperatures. 
They will withstand vibration, rain, humidity, and 
salt spray tests as prescribed by the military speci- 
fications. 

Usually shipped as a complete assembly with the 
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exception of the igniter, the engine is installed onto 
or into the missile, the igniter is inserted, connec- 
tions are made to the ignition circuit, and the en- 
gine is ready to use. This is why solid-propellant 
rocket engines are rugged, easily used powerplants. 

A composite solid propellant is composed basically 
of a fuel and a crystalline oxidizer with the neces- 
sary additives to promote or retard burning rate 
and curing. The fuel is sometimes referred to as 
the binder for the oxidizer and additives. Thiokol 
propellants use as the fuel certain special polysul- 
fide polymers manufactured by Thiokol Chemical 
Corp. 

A case-bonded propellant is one that is bonded 
directly to the engine shell and other parts of the 
rocket engine. This condition can be obtained in 
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different ways, but the simplest method is to cast 
or pour the uncured propellant into the engine shell 
and to cure it in such a way that a bond is obtained 
between the propellant and the metal parts. To 
insure a perfect bond, Thiokol uses a liner or in- 
hibitor to which the propellant is cured. This liner 
is also made from polysulfide polymers. 

The main advantages of this method of manufac- 
turing rocket engines are: (1) The metal parts aid 
the propellant in withstanding physical shock loads 
imparted by rough handling and vibration, and ac- 
celeration loading that occur at the initiation of 
flight. (2) The propellant protects the majority of 
the metal parts from the high flame temperatures 
produced by the burning propellant. The chamber 
walls of case-bonded rocket engines seldom reach 
temperatures greater than 200 F until the chamber 
pressure has decreased to a very low value. By this 
time the stresses in the shell are very low and the 
higher wall temperatures are not detrimental to 
engine performance. 

The design criteria for determining the materials 
for the inert parts of a rocket engine depend on the 
size, burning time, and intended use of the engine 
and the fabrication techniques for the material. 
The engine shell or case material may be aluminum, 
steel, or plastic. Various aluminum alloys have been 
used for the shells of small diameter engines. When 
the wall thickness of a shell is determined by fabri- 
cating techniques instead of by the stresses due to 
pressure, the high-strength aluminum alloys pre- 
sent sufficient strength. Thus a_ considerable 
amount of weight may be saved. For larger engines 
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PROPELLANT CHARGE CONFIGURATION cetermines thrust program 
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where the maximum strength is needed, high- 
strength, heat-treatable, steel alloys are used. There 
is a strong indication that glass-fiber-reinforced 
plastics are excellent materials to use for engine 
Shells between the aluminum range and the high- 
strength steel range when the higher overall specific 
impulses are required. However, there are a few 
design and fabrication problems involved in the use 
of reinforced plastics which have not yet been com- 
pletely solved. 


Solid Propellant Insulates 


The propellant, when bonded to the shell, is an 
excellent insulation material. Thus the “cold 
strength” of the aluminum or steel can be used in 
the design calculations. This condition is advan- 
tageous when designing light-weight inert parts. 

The nozzles present a different problem. There 
is no propellant to insulate the metal. Thus when 
high overall specific impulse is required other in- 
Sulation materials are employed. When the total 
engine weight is not critical, more metal can be 
added to provide the necessary strength at the 
elevated temperatures. 

When the engine has been designed and devel- 
oped, its performance limits are determined. These 
limits are normally “three sigma” limits as deter- 
mined from the normal distribution curve formed 
by the test results plotted for a number of engines. 


To Order Paper No. S85... 
...on which this article is based, turn to page 5. 
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Star and web configurations a and b 


are the more common since these designs with slight variations will give either a neutral, slightly progressive, 


or slightly degressive program as required 
reiatively low temperatures 


These designs are easy to manufacture, and they operate well at 
The two-level thrust program shown in h is used in drone and gas generator work 


where a high impulse is required to initiate the movement of the driven object and the motion is then to be 


sustained for a relatively long time 
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Lowering Cars... 


.. . poses problem of driveshaft tunnel, but let's avoid 


dogma of all-front-drive or all-any-other-substitute design. 


Based on paper by 


Peter Kyropoulos 


General Motors Corp. 


SIDE from the Lancia Aurelia modification of 
A conventional design, which combines the trans- 
mission with the rear end, alternative designs to 
solve the floor tunnel problem group powerplant 
and transmission at the front or rear end. 

The Lancia Aurelia modification eliminates the 
hump in the front compartment and since the shaft 
transmits only engine torque and can be smaller, 
the tunnel is reduced in width if not in height. Al- 
though transmissions are more compact, they 
still take up space and in this instance that space 
comes out of the trunk. If the rear deck is lowered 
in addition, both space and useful geometry are 
limited. Moreover, this configuration severely lim- 
its the station wagon since clearance between floor 
and ceiling becomes too shallow. 

Other alternatives are to concentrate the power- 
plant and transmission in front or in the rear. The 
pros and cons of these designs have been discussed 
with more emotion than common sense. Neither 
arrangement poses insurmountable problems, but 
neither can be cobbled together from existing con- 
ventional components. Hence, considerable devel- 
opment work is necessary before either type can be 
built. 

The directional instability of rear-engine cars 
can be removed readily by proper suspension. 
Either configuration provides clear floor space and 
allows lowering of the passenger compartment. 
Both provide a compact power package, which could 
be built as a subassembly and installed and removed 
as a whole. Combining engine, transmission, dif- 
ferential, and rear axles into one package repre- 
sents a great concentration of mass, but I believe 
this can be turned to advantage by reducing repe- 
titious components, duplication of function (hous- 
ings), and the like. Extensive use of light alloys is 
indicated and some components already show the 
process of miniaturization. 


Pros and Cons of Rear-Engine Drive 


Examination of the possibilities of rear-engine 
drives reveals: 

1. Driving wheels are not steered. 

2. Placing of powerplant weight over driving 
wheels improves traction. 

3. Controls for engine and transmission have to 
be brought forward. This is particularly awkward 
with manual transmissions. 

4. If the battery is located forward to improve 
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weight distribution, the heavy starter lead must 
traverse the whole car. 

5. Spare wheel and luggage must be carried in 
front. This space does not provide a very favorable 
geometry for the purpose, since it must house 
front suspension, steering, brake mechanism, and 
possibly fuel tank. 

6. Location of powerplant prevents use of the 
same chassis for a station wagon. 

7. There is considerable apprehension about 
placing the fuel tank in the front of the car. This 
is not realistic. The energy stored in a gallon of 
gasoline is of the order of 160,000 Btu or 3.2 x 10° Btu 
for a 20-gal tank. If this energy is released acci- 
dentally it does not much matter where in the car it 
happens. The probability of fire in an accident, I 
believe, is a result of the presence rather than the 
location of the fuel. 


Pros and Cons of Front-Wheel Drive 


1.. Driving wheels must be steered. This poses 
mechanical design problems, especially for larger 
power and torque. It works well for small power- 
plants and there is no reason why it cannot be 
worked out. We haven’t tried very hard. At this 
point it is customary to quote a long series of un- 
happy experiences with Cord front-drive cars. This 
is not germaine to the subject. We might also rea- 
son that tires used to go flat at an average of every 
500 miles, hence should not be considered feasible 
for present cars. We improved the tires rather than 
return to the solid wheel. 

2. Engine and transmission controls are close to 
the components they control. 

3. Reduced traction on a grade need not be se- 
rious if the powerplant is placed sufficiently far for- 
ward. 

4. Ample space can be made available behind the 
rear passenger for fuel tank, spare wheel (if needed 
at all), and luggage. 

5. The rear suspension can be relatively simple 
and allows room for a station wagon body. 


To have enumerated these items classed as ad- 
vantages and disadvantages would have resulted in 
oversimplification and arguments over relative 
merits. An optimum solution has to take into ac- 
count considerations besides engineering and styl- 
ing which are not under discussion. 

Agreed that every dogma has its day, neverthe- 
less we do not want to develop any automotive dog- 
mas, such as all front drive or none, or whatever 
idea you may want to substitute. 


To Order Paper No. 4B... 
...0n which this article is based, turn to page 5. 
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Pressurized Water Reactor... 


... fuel costs depend mainly on core fabrication costs and the value of the recovered 
plutonium. 


E. D. Reeves Esso Research & Engineering C 


i 


(Based on report to the SAE Nuclear Energy Advisory Committee 


ORE fabrication costs and the value of the recov- 
ered plutonium may be the key to fuel costs for 
the pressurized water reactor fueled with UO, in 
a stainless-steel core. These two factors are the 
main reasons for the range in anticipated costs of 
2.3-6.4 mils per kw-hr developed in an analysis pre- 


sented at a recent meeting of the American Nuclear 
Society New York Section. 

Core fabrication costs were estimated as high as 
$2 million for a single initial core and as low as 
$300,000 for a production line operation running at 
full capacity. 

The value of the recovered plutonium will be $30 
per gram in 1963, according to the present AEC 
schedule, but it is expected to decline eventually 
to $12 per gram, based on its value for nuclear fuel. 
The minimum estimate of 2.3 mils per kw-hr is 


Table 1—Nuclear Fuel Cycle Costs (Basis: Complete cycle on one core) 


Costs, 

$ million 
ALS 
Max Min 
3% UF, Obtained from AEC , — _— 
Conversion of UF, to UO, 0.67 0.22 
Losses at 3% U,., Concentration i — — 
Fuel Element Fabrication 2.00 0.30 


Comments 


22,220 kg at $375/ke 

Range of $10-$30/kg 

1% at $375/kg 

$90/kg for initial core; about $14/kg for 
later production line operation 
2000-mile round trip (East Coast to 
Idaho) 

AEC schedule (1 ton/day) and similar 
plant scaled to 10 ton/day level 

Range of $3-$13/kg 

1% at $220/kg 

21,480 kg at $220/ke¢ 

Difference between off-take and return 
value 

4% on initial inventory 

Total cycle = 2 reactor residence time 


Shipping Spent Core 0.22 0.16 


Chemical Processing 0.46 0.29 
Conversion of Nitrate to UF, 0.28 0.07 
Losses at 2% U,.., Concentration —_ —_— 
2% UF, Returned to AEC — and 
Burnup + Losses 3.60 3.60 


Use Charge 0.83 0.83 


8.06 5.47 


Credits, 
$ million 
—_——at—,7 
Max Min 


1.06 2.64 88 kg at $30/gram (1963 schedule) and 
$12/gram (eventual fuel value) 


Range $1-$2.40/gram 


Pu Recovered 


0.21 0.09 
0.85 2.55 


Net Fuel Cycle Cost 
FF 
Max Min 
$ Million/Core 7.21 2.92 
¢/Million Btu Generated 47.0 19.0 
Mils/Kw-Hr Electricity 6.4 2.3 wi 


Approximate Effect of Fuel 

Element Life on Fuel Cycle 

Cost," mils/kw-hr of elec- 

tricity 

oo" 
Max Min 
5000 Mwd/Ton 8.0 2.7 
7500 Mwd/Ton” 6.4 2.3 
10,000 Mwd/Ton 5.6 2.1 
20,000 Mwd/Ton 44 1.8 


* Basis: Net burnup and use charges are independent of element life, other charges are inversely propor- 
tional. »’Corresponds to this example. 


Less Nitrate Converted to Pu Metal 
Net 


efficiency 
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raised to 3.5 mils per kw-hr if the low figure for plu- 
tonium value is applied to this case. 

A detailed analysis of how the fuel costs were de- 
termined for the pressurized water reactor fueled 
with UO, in a stainless-steel core is given in Table 
1. The additional data assumed for this case are: 


Heat output—500 mw 

Saturated steam—500 psia 

UO, in core—25,000 kg 

Enrichment at start—3% U.,, 

Enrichment at end—2% U.,; 

Plutonium production—0.4 gram 
per gram U,,,, destroyed 


The core was estimated to generate 15.35x16 
million Btu, with 16 months life at 80% operating 
factor. Complete replacement at the end of the 
core’s useful life was postulated. 

The estimates in the table are based on a fuel 
element life of 7500 megawatt-days per ton. This 
is indicated to be feasible by small-scale irradiations 
of UO., but has not yet been demonstrated on com- 
plete fuel elements. Since this is the only factor 
over which the nuclear engineer has some control, 
the approximate effect of irradiation life on fuel 


6 Design Changes for the 


cost for power generation is also indicated in the 
table. 

Other interesting points revealed by the table are 
the following: 


1. Fuel element fabrication costs (at approxi- 
mately $16 per kw of electricity even for an initial 
core) do not represent a major factor in the total 
investment for a nuclear power plant (about $300 
per kw of electricity). Presumably, development 
charges for a new type of element are not included 
in the estimated fabrication cost. 

2. Fuel element fabrication may initially repre- 
sent about 25% of the expense associated with a 
complete fuel cycle. It may decline eventually to as 
little as 5%. 

3. Factors under Government control, such as the 
cost schedule for U,,, of various degrees of enrich- 
ment, and the value assigned to recovered plutonium 
are extremely significant in determining the net 
cost of the fuel cycle. 

4. The present outlook for net fuel cycle cost 
(in terms of ¢ per million Btu, when coupled with 
an industrially attractive level of return on the re- 
quired plant investment, does not indicate a major 
incentive for the development of process heating 
from nuclear sources. 


“Truck Driver's Office” 


Based on paper by Julius Gaussoin, Siiver Eagle Co. 


HEN truck drivers speak their minds they find 
much to criticize in the comfort of cabs and the 
placing of controls for safe, easy handling. Here 
are six design alterations for a happier day at the 
wheel, gleaned from answers to a questionnaire 
submitted by the author to his driver organization: 


1. Dimmer Switch. 


The “punch-punch” floor switch is out-of-date. 
With a simple 3-post toggle switch you can feel or 
see the position of the switch and be sure of your 
beam position. Convenient positions are the gear- 
shift lever or the steering post. An easy to reach 
position on the dash is even better. 


2. Brake Pedal. 


The pedal should be wide and low, not narrow 
and long. It should be comfortable under the left 
foot and wide enough so that the left foot can apply 
the brake, then be left on the brake pedal while the 
right foot is brought over and placed on it. This 
permits continuing brake application, yet allows the 
driver to take his left foot from the brake pedal to 
depress the clutch pedal. This is of real safety im- 
portance. 


3. Switch versus Gage Location. 

Switches should be convenient and definite in 
position. The tachometer should be most easily read. 
Other gages should be located for reasonable posi- 
tion and readability, standardized as recommended 
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by the Instrument Panel Subcommittee. The dash 
should be simple, with space for additional gages 
and instruments. 


4. Driver’s Position. 


A one-driver truck, or truck driven by several 
drivers, needs an excellent cushion. Cellular foam 
rubber seems to fit better after long use. The chair 
seat should be adjustable fore and aft, not neces- 
sarily electrically operated. Its height must be ad- 
justable. The back of the seat needs real attention 
and the inclination should be adjustable. Experi- 
ence can be gleaned from foreign car design. 


5. Windshield Wipers and Washers. 


One-piece windshields require consideration of 
overlapping the ares of the wiper blades. Vertical 
wipers moving back and forth laterally do the best 
job in both rain and snow. Let’s think of putting 
water for windshield washers at the top of the 
windshield instead of squirting it at the bottom, 
with resultant poor coverage. 


6. Turn Signals—Lens Color. 


White turn signals in front are not very demand- 
ing of attention when the weather is bad, or in com- 
petition with headlights. Red for the rear must 
compete with red tail and stop lights. Why not am- 
ber or yellow for both front and rear? It can be 
considered optionally permitted and the laws can be 
changed or modified. 


To Order Paper No. 19C... 
...on which this article is based, turn to page 5. 
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Why Carburetor 
Vents Are Needed 


RBURETORS are provided with vents because 

the increase in pressure due to the vaporiza- 
tion of the gasoline in the float bowl, as the 
carburetor is warmed up in service, would be 
far greater than the pressure used to meter 
gasoline into the engine. Consequently, a car- 
buretor adjusted to meter properly at one tem- 
perature would not meter correctly at another. 


Drilling a hole in the top of the bowl cover 
(external vent), as shown in the illustration, 
thus relieving the pressure in the carburetor 
bowl, solves this problem but introduces others. 
During hot-weather operation the gasoline vapor 
finds its way into the passenger compartment 
and the driver notices “gasoline smell.” A loss 
in economy, depending on how hot the bowl 
becomes, will result. Of course, the vapor also 
contributes to air pollution. 


If, instead, the vapor is channeled to the engine 
air inlet, as shown by the internal vent in the 
illustration, the odor problem is solved, but hot- 
starting difficulty will probably occur. This, as 
the name implies, is a delay in starting an engine 
due to an accumulation of fuel vapor in the intake 
manifold, causing an overrich mixture. Another 
problem is that, with the engine running, the in- 
ternally vented vapor represents fuel added to the 
engine in excess of that required for optimum 
engine operation, and stalling or engine rough- 
ness may be encountered at idle. 


Carburetor 


... isn't easy to eliminate. But a recent 
study produced some data that may 


prove helpful in resolving the problem. 


Based on paper by 


J. T. Wentworth 


_—— Antare 
e Std ene al N r [ 


EITHER external nor internal vents present an 
ideal solution to the carburetor vapor loss prob- 

lem. So, the designer has to look for a compromise 
to minimize those phases of the problem he consid- 
ers most important. 

Investigations of carburetor evaporation losses 
in five cars points up this conclusion from a number 
of different angles. (Each of the five cars had a 
different design of internal or external vent on its 
carburetor. 


What the Studies Showed 
The studies showed three main things: 


1. Fuel volatility has a pronounced effect on 
carburetor loss, as does carburetor bowl tempera- 
ture. Slow-speed driving in city traffic tends to 
increase bowl temperature and, consequently, vapor 
loss. (Although Reid vapor pressure was used to 
characterize fuel volatility, several inconsistencies 
in the data are interpreted as indications that Reid 
vapor pressure was not an ideal parameter of carbu- 
retor vent loss.) 


2. During the period immediately after stopping 
an engine it was found that additional vapor was 
given off. This loss was measured on one car and 
most of the loss, about 0.018 lb, occurred in the first 
30 min after shutdown. 


3. The vented vapors were composed primarily of 
low-boiling hydrocarbons having 4, 5, or 6 carbon 
atoms per molecule. It was concluded that the 
kinds of hydrocarbons vented were determined by 
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Vapor Loss 


the hydrocarbons of this boiling range in the gaso- 
line. 
Fuel Volatility and Bowl Temperature 


The carburetor vent loss for car A (see Table I) 
is shown in Fig. 1. The loss is expressed as per cent 
by weight of the fuel used on the trip and is plotted 
against average bowl temperature. Results for 
five different test fuels are shown and identified by 
their Reid vapor pressures. 

The 6.0- and 7.0-psi Rvp fuels gave no loss at bowl 
temperatures up to 122 F, while losses were ob- 
tained with the three higher volatility fuels. The 
vent loss is clearly influenced by bowl temperature 
and volatility, but the effect of fuel volatility above 
8.5 psi Rvp is somewhat obscured by the fact that 
the 9.6- and 10.1-psi Rvp fuels are reversed. The 
most probable explanation for this is that Reid 
vapor pressure is not an ideal indicator of evapora- 
tion loss. The 10.1-psi Rvp fuel was handled differ- 
ently than the other fuels. Although it ended up as 
a 10.1-psi fuel, its distillation curve is markedly 
different from that of the 9.6-psi Rvp fuel. 

In Fig. 2 is shown the carburetor evaporation loss 
for car B. The carburetor of car A, it will be noted, 
had a rather small internal vent. The carburetor 
on car B, was almost identical to that of car A, 
except that it had no internal vent. 

The tests with car B were all run with essentially 
the same fuel (9.1-9.3 Rvp) but with different driv- 
ing conditions. It can be seen that there is very 
little difference between the losses obtained with 
car B and the losses obtained with the 9.6-psi fuel 
in car A, indicating that the internal vent of car A 
was not effective in removing vapor from the float 
bowl. It is also apparent that the three driving 
conditions (20-22 mph average speed in traffic, 
25-30 mph constant speed, and 35-40 mph constant 
speed) gave similar losses. 

The results obtained with car C are shown in Fig. 
3. Both city-driving and country-driving runs were 
made with car C. The city- and country-driving 
runs are coded to show any effect of driving speed. 
Although the difference in driving speed caused a 
great difference in bowl temperature, driving speed 
itself had no effect on carburetor evaporation loss. 
This is shown by the dovetailing of city- and coun- 
try-driving points for each fuel. 

Car C was the same make as car A and the car- 
buretors were identical. The two cars differed by 
one year in manufacture but there was very little 
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Table 1—Test Cars 


Carburetor 


Carburetor Vent Code” 


Year Air Conditioner* 


2 barrel 
2 barrel 
2 barrel 
4 barrel 
2 barrel 


1956 no 
1956 no 
1957 no 
1957 yes 
1957 yes 


*The cars equipped with air conditioning were tested 
with the air conditioning set for maximum cooling. All 
five cars were equipped with automatic transmissions 

>b1. Large external vent, always open; internal vent 1/16 
in. diameter by approximately %4 in. long. 

2. Large external vent, always open; no internal vent. 

3. External vent open at throttle openings from idle to 
opening of second barrels; large, multiple internal vents. 
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AVERAGE BOWL TEMPERATURE - °F 


Fig. 1—Carburetor evaporation loss for car A, at average speed of 
19-24 mph. 


difference in anything that could conceivably affect 
carburetor losses. It was expected that the losses 
for the two cars would be identical and the results 
shown in Fig. 3 came as a surprise. The losses for 
car C started at a bowl temperature some 20 F 
higher than those for car A. 

It is possible that some physical difference in cars 
A and C caused the difference shown by the com- 
parison of Figs. 1 and 3, although this seems un- 
likely. A variety of things could have been different 
in the two cars to cause the bowl temperatures to 
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LOSS - WEIGHT % OF FUEL USED 


SUBURBAN DRIVING 

(AVERAGE SPEED 20-22 MPH) 
CONSTANT SPEED (25-30 MPH) 
CONSTANT SPEED (35-40 MPH) 


AVERAGE BOWL TEMPERATURE - °F 


ig. 2—Carburetor evaporation loss for car B, for fuels with Reid vapor 


LOSS - WEIGHT % OF FUEL USED 


pressure of 9.1-9.3 psi. 


5-11) 38-49 
R.V.P. MPH MPH 
58 


AVERAGE BOWL TEMPERATURE - °F 
Fig. 3—Carburetor evaporation loss for car C. 


Carburetor Vapor Loss 


continued 


be different if the two cars were subjected to iden- 
tical conditions of driving, ambient temperature, 
and so on, but when the results were plotted against 
bowl temperature, it was expected that identical 
results would be obtained. 

By the time the project had progressed to the 
point represented by the work on car C, the im- 
portance of the fuels was more evident. By using 
one base fuel and modifying it to obtain different 
volatilities, the embarrassing predicament of re- 
versed lines, as in Fig. 1, was avoided. However, the 
large discrepancy between the results of cars A and 
C, which were supposedly identical, cast further 
doubt on the use of Reid vapor pressure as a param- 
eter of carburetor evaporation loss. It was used 
simply because nothing better was found. 

Car D had many large internal vents, while the 
single external vent was small and restricted, No 
results are plotted for this car because there was 
no loss, even under the most severe conditions. 
During one city driving run, the bowl temperature 
reached an average of 172 F, while the radiator was 
over 240 F and venting steam, and yet there was no 
loss through the external vent using the 9-psi Rvp 
fuel! 

Results for car E, which had only the external 
vent, are shown in Fig. 4. Although cars C and E 
are different makes with different make carburetors, 
the results are nearly identical. Increased bowl 
temperatures and fuel volatility caused increasing 
losses and again there was no effect of driving speed 
on losses, apart from its effect on bowl temperatures. 

With the possible exception of car D, the results 
obtained on all cars gave the general impression 
that the carburetor loss was simply a distillation 
process in which the loss depended on the tempera- 
ture and volatility of the fuel. While car D appears 
at first to be an exception, some further tests proved 
otherwise. 


Hot Soak Loss 


There is yet another aspect of the carburetor vent 
loss problem which has been termed “hot soak loss.” 
A great deal of heat is stored in an engine while run- 
ning and, if the engine is stopped, this heat will 





Table 2—Analysis of Vented Vapor 
(Loss 0.74%) 


Carbon Number 


Cc 
C, (including 1% butene) 
Cc 


Cc. (including a possible 3% hexene) 
Cc, 
Heavier and aromatic 


Total 


EEE 
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LOSS - WEIGHT % OF FUEL USED 


R.V.P. 
58 
6.7 
8.0 
8.9 


MPH 





AVERAGE BOWL TEMPERATURE - °F 
Fig. 4—Carburetor evaporation loss for car E. 





warm the carburetor. Temperatures of 60-70 deg 
above ambient are usual in this kind of service. Fig. 
5 shows the temperatures and vent loss obtained 
from car B during a typical hot soak. The fuel was 
a 9.1-psi Reid vapor pressure commercial gasoline. 
The car was warmed up and then parked. Vent 
loss collection was started when the engine was 
turned off. This loss must be considered in addition 
to the losses previously presented because it is a 
loss occasioned by complete shutdown of the car 
and the previous tests were made without shut- 
downs. 

It can be seen that most of the hot soak loss 
occurs as the temperature in the bowl is rising, that 
is, in the first 30 min. Thereafter the rate of loss 
is very low. The flat bowl contained 0.15 lb of gaso- 
line, of which 0.018 Ib boiled off. Larger bowl capac- 
ity, as in a 4-barrel carburetor, would obviously give 
larger losses. Unfortunately, time was not avail- 
able to explore hot soak losses further, but prelim- 
inary guesses were that it would account for less 
hydrocarbon emission than that obtained during 
city driving. 


Composition 
According to one reference the “vapor from motor 
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REID VAPOR PRESSURE 
AMBIENT TEMPERATURE 
NO WIND 


9:1 PSI 
64°F 


BOWL TEMPERATURE MINUS AMBIENT ~ °F 


CUMULATIVE LOSS - LBS. 


TIME - MINUTES 


Fig. 5—Hot soak loss. Note that most of loss occurs in first 30 min after 
shutdown. 


gasoline contains hydrocarbons chiefly in the range 
of isobutane, n-butane, isopentane, n-pentane, and 
hexane—with the butanes and pentanes as prin- 
cipal components.” Only one analysis was made 
of the condensate collected in the present work. 
The condensed vapor from a run with car B was 
analyzed using a gas chromatographic column. A 
hypodermic needle cooled with dry ice was used to 
withdraw condensate from the trap and inject it 
into the column. The anaylsis is shown in Table 2. 

The fuel for this test was a premium commercial 
gasoline. As can be seen in the table, most of the 
vapor was composed of paraffins with 1-4% olefins 
and a trace of aromatics. Obviously, the composi- 
tion of the carburetor vent vapor is determined by 
the composition of the gasoline in the low boiling 
range and, if a fuel high in olefins in this range is 
used, the percentage of olefins in the vapor will 
increase. It is also obvious that the smaller the 
amount of low boiling hydrocarbons of any type, the 
smaller will be the vent loss. 


To Order Paper No. 12B... 
..-0n which this article is based, turn to page 5. 
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Laboratory techniques newly 


adapted to maintenance use in 


Diagnosing Engine 


Based on paper by 


N. A. Accardo and E. Eugene Ecklund, 
Allen B. Du Mont Laboratories, Inc 
EVERAL laboratory tests valuable to design engi- 
neers—would long have been equally valuable to 
maintenance engineers if only they could have been 
applied conveniently in the field. Now, recent de- 
velopments have resulted in inexpensive equipment 
which can be used conveniently at various field 

points. 

The cathode ray oscilloscope, for instance, has al- 
ways been considered laboratory rather than field 


IGNITION EVENTS 


SECONDARY PRIMARY 
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CYLINDER FIRING GCeLre 


T DISTRIBUTOR MECHANICAL 
conpition——___] 


Fig. 1— Raster or multiline pattern showing characteristics utilized 
for isolation of trouble by comparison of phenomena in one cylinder 
against the rest. 
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equipment because of the requirements for inter- 
pretation of the phenomena displayed. But, in re- 
cent years, a so-called “raster” or multiline presen- 
tation has permitted this basic dynamic measuring 
device to break out of the laboratory and into the 
service station. It is much easier to read this multi- 
line presentation than to observe the complex wave 
forms of the laboratory instrument. 

This relatively new “raster” device results in the 
pattern shown in Fig. 1... and permits a mechanic 
to compare the phenomena relating to one cylinder 
against the rest. It makes secondary the detail of 
the presentation, but permits the mechanic to pin- 
point the portion of the pattern of one cylinder that 
is different from that of associate cylinders—thus 
locating the source of the trouble. 

And, since the cathode ray tube is a basic electrical 
indicating device, it can directly show ignition per- 
formance, too. Ignition phenomena can be viewed 
by a tune-up mechanic in its dynamic form and the 
engine checked while it is running. 

Transducer devices, designed to change other basic 
phenomena into electrical energy to permit viewing 


Fig. 2— Pattern shown by valve testing pickup device when everything 
is working satisfactorily. 
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Troubles 


on the oscilloscope, comprise another type of de- 
vice which recent development makes available for 
the service station. That such equipment usually 
has been cumbersome, fragile, or difficult to use has 
not made it unacceptable to laboratories, because it 
did produce otherwise unattainable results. But it 
was totally unable to produce the “go-no-go” an- 
swers necessary for service station use. 

But the gap has been bridged by several trans- 
ducer devices. 

One of these, which tests valve pickup, is a pres- 
sure-vacuum device, and is no more expensive than 
a power timing light. It connects to the engine in 
the same manner as a vacuum gage, and presents 
information on the oscilloscope screen. It is a mag- 
netic device located inside a closed cylinder. 

As the vacuum or pressure of the system under 
test varies, a diaphragm-type device is caused to 
move. Fig. 2 shows the pattern which results on the 
oscilloscope screen when everything is working 
satisfactorily. When difficulty is encountered, a 
pattern as shown in Fig. 3 will be encountered. The 
vacuum or pressure changes cause the line to 


Fig. 3 — Valve trouble causes radical change in pattern of valve testing 
pickup. 
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Fig. 4—Line starts when spark plug fires. Pulse shows top-dead- 
center position of flywheel. Timing is 5 deg. 


Fig. 5— Normal engine noise as shown by noise and vibration pickup 
device. 


Fig. 6 — Severe detonation shows as high noise level on the fifth line. 
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take on a different aspect. The cylinder at fault 
may be determined by taking into account the rela- 
tionship between valve timing and ignition timing. 
Another of these transdueer devices is one which 
tests timing advance and pickup. It uses the photo- 
electric principle, so that no connection to the en- 
gine is necessary. By means of light reflected from 
the flywheel timing mark, the photocell develops a 
pulse or pip which appears on the screen. By leav- 
ing the oscilloscope connected to the ignition system, 
each line starts when the spark plug fires. The tim- 
ing impulse is then displayed on the screen at a dis- 
tance related to the exact timing at that speed, as 
shown in Fig. 4. This photo is for a 6-cyl engine, so 
each line is 60 deg long. Here the spark plug fires 
5 deg before top dead center and the timing mark is 
at top dead center. So, the timing impulse occurs 5 
deg after the start of the line. A plastic scale is used 
to measure this in degrees. Basic timing can, there- 
fore, be checked at idle. Advance can be checked by 
measuring the difference between readings taken at 
idle and at any predetermined speed. (Disadvantage 
of this system is that the timing mark must be 
cleaned or in some cases marked with paint or chalk. 
The head of the pickup device must be placed 


roughly % in. from the access port without shadow- 
ing the mark from the source of light.) 

A third transducer device is a noise and vibration 
pickup. This is a magnetic-type device which 
changes the field of an electromagnet as the noise or 
vibration is transmitted to it. 

It is placed in contact with the engine either as a 
probe or by means of pliers adapted for the purpose. 
The pliers can be clamped to a head-bolt or similar 
protrusion. Ordinary engine vibrations are noted as 
shown in Fig. 5. The height of the signal given by 
this device will increase as a pickup comes closer to 
the source. Thus, the location of the source is ob- 
tained through probing, and the relationship to 
crank angle is obtained by its location on the pat- 
tern. If both of these coincide, the noise being 
picked up is related to spark or flame. 

All of these devices represent the reduction of 
proved laboratory techniques to application in main- 
tenance work—a type of progress peculiarly charac- 
teristic of current automotive engineering develop- 
ment. 


To Order Paper No. 21B... 
...0on which this article is based, turn to page 5. 


Conventional Lubricants .. . 


are sufficiently radiation-resistant for most nuclear power reactor applications. 


Only within the biological shield will special lubricants be needed. 


E. D. Reeves 


Esso Research & Engineering Co 
(Based on report to the SAE Nuclear Energy Advisory Committee) 


NVENTIONAL petroleum-base lubricants—both 
an and greases—are expected to operate satis- 
factorily in most components of a nuclear power 
installation. Radiation levels to which much of the 
lubricant will be exposed will be substantially be- 
low the 10° rads that such lubricants can withstand. 
Above this level under static conditions—or at a 
somewhat lower level under dynamic conditions— 


Table 1—Radiation Levels and Lubricant Life 
(“Typical” 12,500-kw boiling-water reactor electric 
generating plant) 


Operating 
Radiation Intensity, 

rads/hr 
Turbine 0.2 
Water circulating pumps 102 
Remote fuel handling 

devices 

Control drive mechanism 
At reactor vessel wall 
At reactor core center 


Lubricant Life 

to Attain 10® 
Rads Exposure, hr 

(100,000 years) 

(100 years) 


Components 


10° 
10° 


(6 weeks) 
10° (6 weeks) 
102 (4 days) 
10-5 (1 sec) 


105 108 
105 
10° 


10% 


radiation-caused viscosity changes and other degra- 
dation effects become too severe for satisfactory 
lubricant operation. 

Table 1 gives data developed by Hausman and 
Booser for levels existing in a “typical” 12,500-kw 
boiling-water reactor electric generating plant. 

Thus it can be seen that current turbine oils, hy- 
draulic oils, and oils and greases for overall plant 
lubrication can be expected to operate as satisfac- 
torily in shielded areas of low radiation intensity as 
they do in the nonnuclear applications for which 
they were designed. 

Gears, cams, motors, and pivots of control rod or 
fuel handling devices may be exposed to fairly high 
radiation intensities at or within the biological 
shield. Conventional greases will be satisfactory 
for use at intensity levels of 10° or 10* rads/hr. At 
levels of 10° or 10° rads/hr, it may be more practical 
to use solid lubricants, or hydrocarbon lubricants 
of improved radiation resistance. At least one brand 
of lubricants now offered on the market specifically 
for nuclear equipment is said to possess improved 
radiation resistance. 

Within the core itself, hydrocarbon lubricants 
would be damaged beyond tolerance limits within 
hours or days. Graphite or molybdenum disulfide 
are recommended when lubricants are required 
under such intense radiation. 

Lubrication problems of nuclear-powered sea- 
going vessels appear to be of the same order of mag- 
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nitude as discussed above for stationary power- 
plants. In marine applications, adequate reactor 
shielding is provided, and lubricant exposure to 
radiation is not excessive in most areas of use. 
Problems in nuclear aircraft systems may be more 
serious. Limitations on space and weight require- 
ments necessitate compact installations and mini- 
mum shielding, exposing lubricants to more intense 


radiation. Although it is evident that lubricants of 
improved resistance will be required, access to in- 
formation on the specific lubricant requirements of 
nuclear-powered aircraft is under Air Force restric- 
tions. However, several major research organiza- 
tions are working on this problem, and it is expected 
that lubricants of satisfactory radiation resistance 
will be available for this application when needed. 


One DC-8 Jet Transport... 


... is the equivalent of 3.5 DC-7's in producing passenger miles per hour of transpor- 
tation—or 887 stage coaches. 


Based on paper by 


Ray D. Kelly United Air Lines, Inc 


(Presented at an SAE Southern California Section meeting and at a joint 
meeting of SAE Northern California Section and South Bay Division) 


T IS evident from Table 1 that the 550- to 600-mph 
jet transport is very efficient while in cruising 
flight. However, its overall performance is only as 
good as is permitted by factors such as traffic delays, 
taxi time, loading, servicing, and passenger and cargo 
handling. On the ground it loscs its speed advan- 
tage. Airport facilities and methods must therefore 
provide the timesaving needed to match the in- 
creased productivity of the jet aircraft occasioned 
by its high flight velocity. The fastest airplane suf- 
fers most, in its ability to operate efficiently, when- 
ever it is subjected to ground and traffic delays. 

Time lost by the passenger on the ground is just 
as important to him as a similar number of minutes 
required because of slower flight equipment. Ten 
minutes saved for the passenger through better 
ground handling is the equivalent of 100 miles in 
cruising flight in-a 600-mph transport. 

There has been some questioning as to the prob- 
able need for so many big, fast aircraft. But it now 
appears certain that initial commitments were con- 
servative rather than optimistic, and more jets and 
turboprops will be required to meet future air trans- 
portation needs. , 

After United’s decision to purchase 30 DC-8’s at 
approximately $155 million, there have developed 
additional monetary requirements as follows: $30 
million for aircraft and powerplant spares, $10 to 
12 million for new overhaul shop equipment, and 
$6.5 million for flight and ground training (includ- 
ing simulators and other aids). These expenditures 
are believed to be representative for other airlines 
as well. 

The required shop facilities, tooling, and the like 
cannot be purchased “off the shelf.” There is no 
“standard jet transport shop” in existence. The jet 
engine is an entirely new machine for the U. S. air- 
lines. All of the planning and designing for the 
airline overhaul base must essentially proceed from 
scratch. “© “* 

Needless to say this effort is vigorously under way 
now, with the time growing short in which to achieve 
full readiness for the first delivered airplanes, en- 
gines, and new accessory equipment. 
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Likewise the airline personnel training programs 
are currently getting into full swing. Key personnel 
and training teams are already attending classes 
sponsored by the manufacturers. Instruction and 
service manuals are being written. Training aids of 
all sorts are being developed. 

Of primary interest in the latter category are the 
aircraft flight simulators. These will probably be 
purchased by the major operators. United will have 
its own DC-8 simulator in operation some time prior 
to the delivery of the first DC-8. Recently it has 
become known that jet engine simulators will also 
be available. These too will aid greatly in the train- 
ing program. Good and bad operating practices 
can be demonstrated and critical engine conditions 
can be simulated without the hazard of engine dam- 
age, as would be likely with the use of an actual live 
engine for training work. 

Another area of great concern ft@ the airlines is 
the ground servicing equipment. Minimum ground 
and ramp time is achieved only with effective equip- 
ment, designed for the particular, aircraft. A star- 
tling fact demonstrating the high cost of such spe- 
cializéd equipment is the approximately $50,000 price 
quoted for the passenger loading bridge planned for 
United Air Lines’ DC-8’s at Idlewild. Two will be 
required per airplane, so as to make simultaneous 
use Of the front and’ rear passenger doors. By com- 
parison, the 1929 Boeing 80-A tri-motored airplanes 
cost $85,000 each. 


To Order Paper No. $46... 
...0n which this article is based, turn to page 5. 


Table 1—Passenger-Miles Transportation Productivity 
Comparison 


No. of 
Vehicles 
to Equal 

One DC-8 
71,000 i 
20,300 3.5 

3,790 18.7 


Passengers— _ 


» mph Hour ; 


123 « 575 
58 x 350 
DC-3 21 x 180 
Bus 40 55 2,200 Sas 
Private Automobile 5 60 300 236.0 
Stage Coach 810 80 887.0 


DC-8 
DC-7 








Table 1—Passenger-Car Field Test—Northern Climate 


(16,000 miles—premium-grade fuel, Chevrolet V-8’s, 3000-mile oil change, no oil filter) 
Caterpillar Piston Demerit* Field Test Deposit Demerits* 
—————— AM" —.. a 
Ring Below aa Ring Total 
Zone Ring Zone Varnish Zone Sludge 
0.15 3.8 1.6 1.6 
0.09 4.2 1.6 2.2 
0.04 2.5 1.1 1.2 


Caterpillar 
Performance 
Level 


SAE 
Grade 


Supplement I 0.4 
B 30 MIL-L-2104A 0.2 
Cc 10W-30 Below MIL 0.9 


*0=clean; 10=maximum deposits possible. 


A 10W-30 











Table 2—Taxicab Fleet Test—Metropolitan New York 
(45,000 miles—regular-grade fuel, 6-cyl Chevrolets, 7000-mile oil change, no oil filter) 
Caterpillar Piston 


Demerit* 
—————_—_ 


Below 


Fleet Test Deposit Demerits* 


[~aneeoenernrnenanseitidtasaeepiathacaenneRnaisiges hla tihmnnstilamaancaiabiiaee 


Piston Ring Sludge 
Ring Skirt 

Zone Oil Oil 
Zone Varnish Screen Rings 


0.03 2.1 6.6 2.4 3.5 6.9 
0.02 2.2 7.0 6.3 9.8 6.9 
0.03 2.2 8.0 5.8 9.0 8.6 


Oil Performance 
Level Ring 


Zone 


' 

| Caterpillar 
Total 
| 


D 30 MIL-L-2104A 0.2 
E 30 MIL-L-2104A 0.3 


F 10W-30 Below MIL 0.9 
*0=clean; 10=maximum deposits possible. 


Don't Ask Gasoline-Engine Oils 


To Pass Diesel-Engine Tests 


J. K. Patterson and 
W. E. Waddey 


Esso Research & Engineering Co 


HERE has been a tendency, in recent years, to 

apply diesel-engine test standards to gasoline-en- 
gine lubricants. Extensive field tests, representing 
over 2,000,000 miles of service, and including a wide 
range of automotive equipment requirements, show 
that such a@ practice is not justified. These field 
tests show that Caterpillar diesel-engine lab tests 
of oils do not predict their field performance for the 
wide variety of gasoline-engine applications studied. 

Detailed results from these field tests are pre- 
sented below. 

A 16,000-mile caravan-style passenger-car field 
test was conducted on three crankcase lubricants. 
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The driving schedule consisted of about 25% city 
operation (30 mph maximum) and 75% country op- 
eration (50 mph maximum). Five Chevrolets (V-8) 
operated on each oil. These oils differed consider- 
ably in Caterpillar-engine test performance. Oil A 
was Supplement I quality; oil B was MIL-L-2104A 
approved; oil C, containing an additive specifically 
designed for gasoline-engine service, was well below 
the requirements for MIL-L-2104A approval, giving 
unsatisfactorily high deposits in the L-1 Caterpillar 
test (0.4% S fuel) after only 240 hr. After 16,000 
miles of mixed city-country driving, oil C gave sig- 
nificantly less deposits than oil A or oil B. Average 
deposit demerit ratings are shown in Table 1. 

It is apparent that the Caterpillar-engine test 
performance failed to predict the passenger-car 
field performance of these oils. : 


Severe Stop-and-Go Services 


Taxicabs—A 45,000-mile taxicab fleet test was 
conducted on three lubricants. Each oil was eval- 
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Table 3—Delivery Truck Fleet Test—Light Duty—I 
(8000-miles, high-deposit regular-grade fuel, 6-cyl Chevrolets, 4000-mile oil change, no oil filters) 
Caterpillar Piston 


Demerit* 
rte ett ctecniataeiin 


1 
Ring Below 
ne 


0.7 —_ 
0.2 — 


Fleet Test Deposit Demerits* 
Caterpillar 
Performance 


Level Piston 


Skirt 
Varnish 


7.6 
8.5 


Ring 
Zone Oil Oil 


Total Screen Rings 


3.7 2.3 7.0 6.3 
2.5 18 3.5 1.9 


H 30 Series 2 

J 30 2-104B 
*0=clean; 10= maximum deposits possible. 
> Supercharged laboratory Caterpillar engine test; 1% minimum fuel sulfur content. 


Table 4—Delivery Truck Fleet Test—Light Duty—I!| 


(8000 miles—high-deposit regular-grade fuel, 6-cyl Chevrolets, 4000-mile oil change, no oil filters) 


Caterpillar Pisto 
aes . Fleet Test Deposit Demerits* 


rT OF Sa ee — a seal a 5s 
Sludge 
Ring Below 


Zone Oil 
Total Screen 


K Nonadditive 3.4 10 
L MIL-L-2104A 5 3.0 10 
M Below MIL m ; . J 1.6 5.1 


*0=clean; 10=maximum deposits possible. 


Caterpillar 
Performance 
Level 
Oil 


Zone Rings 


2.0 


(30,000 miles—regular-grade fuel, Internationad RD 450 engines, 10,000-mile oil and oil filter changes) 
Caterpillar Piston 


Demerit* 


Fleet Test Deposit Demerits* 


Caterpillar 
Performance 


Level Ring 


N 30 MIL-L-2104A 
D 30 MIL-L-2104A 


*0=clean; 10=maximum deposits possible. 


0.1 
0.2 


uated in four 6-cyl Chevrolets under typical New 
York City taxi service conditions. These conditions 
and the extended oil drain periods (7000 miles-typi- 
cal of this fleet) provided severe sludging service. 
Oils D and E contained the same detergent additive, 
but were formulated with base stocks from different 
crude sources. Although oils D and E gave equiva- 
lent Caterpillar-engine test performance at the 
MIL-L-2104A level, oil D gave significantly less en- 
gine sludge after 45,000 miles of taxi service, dem- 
onstrating the importance of base stock in this field 
service. Oil F, though well below the MIL-L-2104A 
level in Caterpillar-engine test performance, gave 
taxi fleet performance approximately equivalent to 
MIL-L-2104A level oil E. Average deposit demerit 
ratings are shown in Table 2. 

Delivery Truck—An 8000-mile delivery truck fleet 
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(Pannen, 


Below 
Ring 
Zone 


0.02 
0.03 


test was conducted on two lubricants using a high- 
deposit fuel to accelerate engine deposit formation. 
Each oil was studied in four 6-cyl Chevrolets under 
typical door-to-door delivery truck service condi- 
tions. These oils differed considerably in Caterpil- 
lar-engine test performance. Oil H gave excellent 
Series 2 Caterpillar test performance; oil J was 
2-104B level. After 8000 miles of door-to-door de- 
livery truck operation, the Series 2 oil H gave higher 
deposits than 2-104B oil J in every regard except 
piston skirt varnish. Average deposit demerit rat- 
ings are shown in Table 3. 

Another 8000-mile delivery truck fleet test was 
conducted on three lubricants, again using a high- 
deposit fuel. Again, each oil was studied in four 
Chevrolets in typical. door-to-door delivery truck 





service. These oils also differed considerably in 
Caterpillar-engine test performance. Oil K con- 
tained no detergent additive; oil L gave MIL-L- 
2104A performance; oil M was well below MIL-L- 
2104A level in Caterpillar performance. However, 
after 8000 miles, oil M gave less deposits than MIL- 
L-2104A level oil L, which in turn was little better 
than oil K. Average deposit demerit ratings are 
shown in Table 4. 


Thus, in a variety of severe stop-and-go services, 
the Caterpillar-engine test performance has failed 
to predict the field performance (particularly sludge 
handling ability) of the oils. 


Over-the-Road Gasoline-Engine Truck Service 
A 30,000-mile gasoline-engine truck fleet test was 


ec 


Gasoline-Engine Oil Evaluation 
... Today and Tomorrow 


Most motor oil suppliers, aware of 
the limitations of the diesel-engine test 
as a measure of gasoline-engine per- 
formance, formulate gasoline-engine 
lubricants using a variety of engine 
tests. They measure not only deposit 
formation, but also wear octane re- 
quirement increase, antirust character- 
istics, and other characteristics. The 
performance of the oil is then con- 
firmed in field tests. All of these eval- 
uations are normally carried out in 
equipment and under service condi- 
tions for which the lubricant is in- 
tended. 

Insistence that these oils also pass 
arbitrary diesel tests results in a double 
standard, which at best can only serve 
to increase the difficulty and cost of de- 
veloping superior gasoline-engine lu- 
bricants and which at worst can lead to 
the achievement of diesel-engine per- 
formance at the expense of perform- 
ance in the equipment for which the oil 
is intended. Oils containing additives 
designed for use in both gasoline- and 
diesel-engine service must be evaluated 
in each of the applications for which 
they are intended. 


5 
= 
= 
= 
= 
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conducted on two lubricants. Each oil was used in 
four trucks with 450 cu in. International engines. 
These oils were both MIL-L-2104A oils, giving nearly 
identical Caterpillar engine test performance. After 
30,000 miles of heavy-duty freight hauling service, 
oil D, containing a detergent additive developed 
specifically for gasoline-engine lubricants, while 
giving slightly higher piston skirt varnish, gave sig- 
nificantly less ring and sludge deposits. Average 
deposit demerit ratings are shown in Table 5. 

Thus, in this over-the-road service, the Caterpil- 
lar diesel-engine test did not distinguish between 
oils giving widely different field performance in gas- 
oline-engine trucks. 


To Order Paper No. IC... 
...0n which this article is based, turn to page 5. 


As the accompanying article shows, 
there is real need for a laboratory-en- 
gine method for predicting gasoline- 
engine field performance. CRC efforts 
to develop a suitable research tech- 
nique for this purpose are commend- 
able. The problem of deposit forma- 
tion in gasoline engines, particularly 
under stop-and-go and extended idle 
service conditions, has been studied ex- 
tensively for many years. Many of the 
laboratory tests have had definite lim- 
itations, primarily as a result of their 
lack of sensitivity. 

A laboratory gasoline-engine test 
(ER 4-45) developed in the authors’ 
laboratory has been found :to be very 
useful for screening lubricants for their 
deposit-forming tendencies in field 
service. Further work has led to the 
development of a cyclic test for pre- 
dicting the field performance of lubri- 
cants, not only as regards deposits and 
sludge, but also with respect to ring 
and cylinder wear, valve train wear, 
hydraulic valve lifter lubrication, oc- 
tane requirement increase, and other 
fuel-lubricant factors in engine opera- 
tion. The details of this work and a 
description of the test method will be 
published in a separate paper. 


An nrnenenenesnnnenscaipsyncsuevnictvnsntatonseagsvncesnvoevvvnoennennnaruszneeonevisenaeiannsnznvecsavevevgeenoseusnasnevivetauotsesagacstsnaneoanevsovontavaevnsetevesueenoognnennd 
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Short Take-offs for 


Supersonic Aircraft 


A 25% drop in take-off dis- 
tance is possible with blown 
boundary layer control by 
using engine-supplied com- 
pressor bleed air. 


Based on paper by 


H. C. Higgins 


Boeing Airplane Co. 


LOWN BOUNDARY LAYER CONTROL can reduce 
take-off. distances up to 25% for high perform- 
ance airplanes, studies at Boeing show. And, this 
improvement is not nullified by a drop in cruise 
performance because wing loading can be increased 
50% or better for low drag at high speeds. 
Efficient control is possible in the thrust-to- 


weight ratio range of 0.5-1.0. Below 0.5 too much . 


power is drained from the engine and take-off dis- 
tances go up. Above 1.0 you’ve got a rocket. Fig. 1 
demonstrates the drop in take-off distance over a 
50-ft obstacle as the thrust-weight ratio increases. 

Nonsupersonic craft will not benefit from this 
system because of low thrust-weight ratios. Bleed- 
ing air from their compressors cuts take-off ability. 
However, modern jet engines can stand up to 10% 
bleed air. The optimum amount of bleeding for 
boundary layer control parallels this trend, as shown 
in Fig. 2. 

Better high speed performance must make up the 
extra weight and complication of the boundary 
layer system. A 50% decrease in wing area is indi- 
cated in Fig. 3, where wing loading is used to meas- 
ure performance. 

In the Boeing study only the “potential flow” re- 
gion of boundary layer control was investigated. At 
higher boundary-air-flow rates further increases in 
wing lift are possible, but not as profitable. Also the 
work was limited to engine supplied compressor 
bleed air. Other blowing systems would include ex- 
haust gas and auxiliary gas generators. Suction- 
type boundary layer control was not considered. 


To Order Paper No. 37B... 
.. on which this article is based, turn to page 5. 
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Fig. 1—Take-off distance drops with 
as the power of the airplane goes up. 
Saihtihe Ganalided Gers te expels 


Fig. 2—Optimum boundary layer air requirements come close to match- 
ing the 10% bleed air possible from some modern jet engines. 


fie 3—The + tad layer control system (BLC) pays off in smaller 
wings for high speed flight 
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Some Examples of Poor Cab Design 


TROLLEY BRAKE fixtures are interposed between opera- 
tor's eyes and the instrument panel. The calf of the leg 
hits the front of the seat. 


CONFUSION guaranteed. The instrument dials have their 
figures arranged in opposite directions, one clockwise, the 
other counterclockwise. Moreover, the two switches must 
be manipulated in opposite directions for the OFF position 
and in opposite directions for the ON position. 
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Truck 
Need Further 


Based on paper by 


Ross A. McFarland and Richard G. Domey 


Harvard School of Public Health 


STUDY of 10 different trucks creates the doubt 

that manufacturers have reliable standards to 
insure accommodating variations of human body 
size, or use such standards to maximum advantage 
if available. Efficient and safe operation demands 
that much more attention be paid to: 


@ Overall cab size. 

@ Seating. 

@ Arrangement of instruments and accessories. 
@ Environmental conditions. 


Overall Cab Size 


With few exceptions the driver’s cab was found to 
be too small for operators larger than the 65th per- 
centile. For example, if seats were adequately ad- 
justable it would be impossible to place them most 
advantageously in most cabs because of space lim- 
itations or peculiarities of cab shape. 


Seating 

In some instances the physical dimensions of seats 
did not meet certain minimum human-sizing seating 
criteria, especially with respect to width and depth 
of the seat pan, and width and height of seat back. 

There was no single instance where the adjust- 
ability available in either the vertical or horizontal 
plane met minimum criteria. On one vehicle a cer- 
tain seat could not be adjusted in any direction. At 
least half the seats could not be adjusted vertically. 
In almost all cases where seats could be adjusted in 
either plane, the range was too small. 

In almost all trucks the placement, static dimen- 
sions, and degree and range of seat adjustability 
clearly favored the smaller driver. Some of the for- 
ward adjustibility provided was wasted because. if 
the seat was moved forward the space between the 
steering wheel and seat back became less than the 
abdomen depth of persons at the 5th percentile. It 
would have been better had the seat rack been 
mounted nearer the rear of the cab, but this usually 
was impossible in view of cab structure. 


Arrangement of Instruments and Accessories 
There is evidence that dials and gages have been 
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Cabs 


Improvement 


placed nearer the operator than when a prior study 
was made in 1954. Nevertheless, the variation found 
in the location, placement, size, degrees of visibility, 
presentation of information, and angie of instru- 
ments suggests that displays are not designed to fol- 
low any special pattern, or to depend upon any sys- 
tem related to common human factors. Some gages 
and dials were wholly or partly hidden behind other 
instruments mounted on the steering column. Often 
a certain gage measuring the same thing would be 
found to vary widely in design in different vehicles. 
Tachometers afford a specific example. 

At least 22% of all hand controls in the 10 vehicles 
were considered to be located too far from the op- 
erator. Others were placed in disadvantageous posi- 
tions, such as one important lever which was almost 
invisible behind the steering column and difficult 
to reach. In certain vehicles some operators could 
not reach the pedals without striking their thighs 
on the steering column or shift levers. Some con- 
trols impeded the operation of others and some re- 
quired excessive effort to operate. Although a great 
deal of auxiliary equipment was included in some 
cabs, the additional space required had not been 
built into the cabs, so placing was disadvantageous. 

The curvature of windshields varied, giving vary- 
ing degrees of distortion. In some instances the 
windshield wipers did not fit the curvature of the 
windows they were supposed to clean. Mirror size 
and quality were highly variable and often the 
mountings did not prevent vibration. Visors com- 
monly did not wholly shield the eyes and there was 
considerable uncomfortable leakage. Some vehicles 
had only a single visor. 


Environmental Conditions 


The noise level approached the discomfort level 
in some vehicles. Reasonable amounts of CO were 
found in some cabs, but no cab had a dangerous con- 
centration. Only preliminary measurements of tem- 
perature and humidity were attempted because of 
the wide variation of environmental conditions un- 
der which the vehicles were studied. In general, 
humidity levels were not excessive. Temperature 
was found to be highly variable. This area of bio- 
technology needs intensive development.. 


To Order Paper No. 19B... 
...0n which this article is based, turn to page 5. 
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More examples of poor cab design 


THE SHIFT LEVER impedes the leg action of the driver. 
The accelerator pedal and the air brake pedal may be de- 
pressed simultaneously. 


io 0 


THE COAT HANGER situated close to the temple and eye 
of the driver constitutes a totally unnecessary hazard. 


WHEN THE DRIVER attempts to lower or raise the win- 
dow he strikes his fist on the protruding light switch. 


63 





Fig. 1 — Left: metallurgical micrograph (original taken at 750X) of 250 mesh powdered coal, showing particles in ex- 
cess of 100 microns. Right: electron micrograph (original taken at 6750X) of irradiated coal, showing that particle size 


has been reduced to 2-1 microns. 


Nuclear Energy Helps Bring 


Based on paper by 


Ray McBrian 


Director of Research, Denver Rio Grande Railroad Co 


N THE not too distant future, irradiation may be 

used to reduce the size of particles in fuel, thereby 
improving its burning qualities. Limited tests in 
our laboratory show that certain fuels are definitely 
improved in this respect —and that these effects 
can be maintained for as long as 60-90 days. (Many 
problems, will, of course, have to be solved before 
large volumes of fuel can be irradiated economi- 
cally.) 

Our irradiation studies of fuel are proceeding 
along two main lines: 

@ Irradiation of powdered coal so as to produce 
particles small enough to be dispersed in diesel fuel. 

® Irradiation of liquid fuel to reduce particle size 
and thereby assure better combustion. 
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Irradiation possibly can be used to reduce the size 
of ordinary ground coal sufficiently so that it can be 
dispersed in diesel fuel. 

In our studies total radiation varied from 1.8 x 10° 
to 24x 10° roentgens. Exposure time varied from a 
few hours to 24 hr. Radiation intensity varied from 
250,000 to 1,000,000 roentgens per hr. The coal was 
radiated at Brookhaven National Laboratories. 

The left view of Fig. 1 shows a metallurgical 
micrograph (original taken at 750x) of 250 mesh 
ground coal. Particle size is in excess of 100 mi- 
crons. At the right is an electron micrograph (orig- 
inal taken at 6750x) of the coal after radiation. 
Particle size has been reduced to 4-1 microns. 

The beginnings of a soluble dispersion of the coal 
in the fuel is shown in the electron micrograph of a 
coal-fuel-oil mix (Fig. 2). 

We have already run a small diesel engine (5-hp 
Witte) using irradiated coal in No. 1 distillate. The 
engine ran for % hr, with satisfactory combustion. 
The output was comparable to that obtained with 
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Fig. 2— Electron micrographs of coal and fuel oil mixture, showing that, thanks to the use of catalysts and irradiation, 
the coal is beginning to disperse solubly in the fuel oil. Left: particle matter is not crystalline, but has the appearance of 
particles found in liquid petroleum. Right: similar appearance, with smaller particle size, indicating more solubility. 


Better Fuels 


regular diesel fuel. One problem was that the cool- 
ing water temperatures tended to rise slightly dur- 
ing the use of the coal and oil mixture. 

All this work is, as yet, highly experimental. We 
are varying dosages, geometry, type of radiation, 
and oil and coal combinations, in an effort to deter- 
mine the best possibilities. 


Irradiated Liquid Fuel 


Actual field and road service shows that to use 
diesel fuels with a minimum of engine trouble, par- 
ticle size must be held to 1/10—% micron. (A typical 
diesel fuel may have particles in excess of 10-30 
microns.) 

The need for particle size reduction is particularly 
acute for high-sulfur fuel. Use of the tracer tech- 
nique (with the radioactive isotope sulfur 35 as 
tracer) shows that when the high-sulfur fuel has: 

@ Particles of normal size (over 4% micron) an ap- 
preciable amount of sulfur finds its way past the 
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rings and into the lubricating oil. This results in 
high ring wear rates. 

@ Finely dispersed particles, then the sulfur is 
burned to SO., which goes out the exhaust as a gas. 
Ring wear is thus greatly reduced because the sulfur 
does not form either SO, or large particles of an ab- 
rasive nature. 

We have experienced a certain amount of success 
and also some failures in our efforts to reduce fuel 
particle size by irradiation. 

Here’s the story of a fuel that was not improved 
by irradiation, despite our best efforts. As received 
from the gamma facility (where it received a dose 
of 1x10" roentgens) it had a satisfactory particle 
size. But, after one-week’s exposure to light, ag- 
glomerates began to form. After exposure to 1 x 10° 
roentgens and one week of aging, crystal deposits 
and sludge began to form. When the radiation was 
increased to 3 x 108, the fuel showed sludging as re- 
ceived, and deteriorated even more during the one- 
week aging period. 

In other cases irradiation did give a definite im- 
provement in particle size. For instance, Fig. 3 
shows how neutron irradiation reduced particle 
size in a leaded gasoline. The center electron micro- 
graph shows how the unradiated gasoline looked 
after exposure to sunlight for three days. At the 
left is the same fuel exposed. to gamma radiation 
(1x 10") and exposed to light for three days. At 
the right is the gasoline after exposure to neutron 
irradiation (2x 108) and then to the light for the 
same length of time. 


Future Studies 
These and other preliminary studies have con- 
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Fig.3 — Electron micrographs of leaded gasoline after exposure to sunlight for 3 days. Center: unradiated 


soline. 


Left: irradiated gasoline (gamma radiation of 1 x 10° roentgens). Right: irradiated gasoline (neutron radiation of 2 x 10° 


roentgens). 


vinced us of the possibilities of using radiation and 
radioactive isotopes to improve the operation of in- 
ternal-combustion engines. We need further in- 
formation, however, about what can be accom- 
plished with different types of irradiation, such as: 

@ Spent fuel elements. 

@ Gamma sources, including accelerators — linear 
and horizontal, cobalt 60 sources, actual pile irradi- 
ation studies, X-rays. 

@ Neutron sources. 

We also need to study the effect of methods of 
radiation, including geometric configurations for 
sample holding, use of catalysts or other addition 
agents, including dispersants. 


Excerpts from discussion . . . 


By J. H. Macpherson, Jr. 


California Research Corp 


HEN a petroleum fuel is irradiated, hydrocarbons 
of both higher and lower molecular weight than 
present in the original fuel are formed. Also, some 
hydrogen is freed from the molecules and evolves 
asagas. Reactive centers, resulting from radiolytic 
ionization, polymerize to form heavier hydrocar- 
bons. Therefore, the predominant products are 
higher molecular weight hydrocarbons. 

Resulting changes in physical properties are what 
would be expected from such an increase in average 
molecular weight. For example, the following 
changes would result from 5 x 10° roentgens irradi- 
ation of JP-5 jet fuel. The viscosity at 100 F would 
increase from 2 cs to about 500 cs, which is about 
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that of an SAE 60 lube oil. The ASTM 50% boiling 
point would increase from 425 F to 625 F. Density 
would increase from 0.84 to 0.94. 

We used two procedures for measuring the gum 
formed by irradiation. One was the measurement 
of filterable suspended gum of 0.1 micron particle 
size and larger. The other one measured the gum 
adhering to the fuel container used for the irradia- 
tion. This involved removing the gum with sol- 
vents, evaporating the solvents, and weighing the 
residue. We found that the amount of suspended 
gum in the fuels was very small and usually ex- 
hibited a slight upward trend with increased irradi- 
ation dosage. For example, unirradiated fuels have 
0.2-0.8 mg/100 ml suspended gum, while fuels ir- 
radiated up to 1x 10° roentgens had 0.2-1.8 mg/100 
ml. Adherent gum removed from fuel containers 
also increased with dosages in most cases; however, 
the maximum quantities measured were only 0.09 
mg/100 ml at 1x 10* roentgens and 0.5 mg/100 ml 
at 1x 10° roentgens. 

Thermal stability of jet fuels was found to vary 
with irradiation dosage and fuel characteristics. 
In general, exposure to higher dosages (5 x 108 -— 10° 
roentgens) improved thermal stability. Exposure 
to 10* —5 x 10* roentgens frequently reduced thermal 
stability. Thermal stability was measured with the 
CFR fuel coker, which is designed to evaluate high- 
temperature filterability and deposition tendencies 
of jet fuels under dynamic conditions. The test 
procedure requires prefiltration of the test fuel, 
which minimizes the effect of existing suspended 
gum. Probably this is why we found no relationship 
between thermal stability and suspended gum. 


To Order Paper No. 16A... 
...on which this article is based, turn to page 5. 
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Niobium . . . 


...a@ prospect for aviation gas turbines 


Based on paper by 


W. S. Hazelton 


Aviation Gas Turbine Division, Westinghouse Electric Corp. 


IOBIUM melts at a temperature high enough to 
make it attractive for very high-temperature 
use. It is relatively light, ductile, and sufficiently 
abundant for specialized uses. Its relative freedom 
from serious brittleness problems and apparent tol- 
erance for alloying and impurity elements indicate 
that oxidation resistant alloys with good mechani- 
cal properties can be developed. 

The low modulus of niobium is its chief disadvan- 
tage, but many uses can be found for it where this 
can be overcome by design. 

It should not be expected that niobium will take 
the place of molybdenum entirely, because the very 
high modulus of molybdenum will always make it 
more attractive for some parts. Indications are 
that both materials will be used in future aviation 
gas turbines, increasing their performance and 
scope of operation. 

There are several general categories considered 
when any new material is evaluated for high-tem- 
perature service. These can be listed as follows: 


. Strength and ductility. 
. Oxidation resistance. 

. Ease of fabrication. 

. Cost and supply. 











STRESS—1000 PSI 











- 7 a4 ®2oo 
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Fig. 1—100-hr rupture strength of several alloys 
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A comparison of niobium with molybdenum in 
each of these categories should give a good picture 
of its potential value in aviation gas turbine tech- 
nology. 

Strength and Ductility 

Very little is known about the strengths ulti- 
mately attainable in either molybdenum- or ni- 
obium-base alloys, but available data can be used 
to good advantage. Fig. 1 shows some typical 100-hr 
rupture strengths of alloys. The better molyb- 
denum alloys show a distinct superiority in rupture 
properties, possibly because they have been under 
development longer. However, niobium alloys show 
a marked advantage over Inco 713C. And with 
present emphasis on their development, properties 
approaching those shown for the best molybdenum 
base alloys can be expected in the near future. 

The modulus of elasticity must be considered in 
many applications, and in parts subjected to buck- 
ling loads it is often of prime importance. In this 
respect, molybdenum is far superior to niobium, as 
shown in Fig. 2. (Data for niobium may be some- 
what in error since there are contradictory values 
given in the literature.) This low modulus is a 
serious disadvantage of niobium, but alloys of alu- 
minum and magnesium have been used for impor- 
tant structural parts even though they have very 
low moduli. Furthermore, there are some compen- 
sating advantages. 

Thermal conductivity and expansion also must be 


Fig. 2—Modulus of elasticity of niobium and molybdenum 





Fig. 3—Fractograph of niobium, showing intersecting 001 cleavage 
planes (originated magnification 150). (Photo by L. L. France, West- 
inghouse Research Laboratories) 


considered in design and are often very important 
in determining the durability of a high-tempera- 
ture part. Table 1 shows how niobium and molyb- 
denum compare in these properties. Niobium has a 
higher thermal expansion and a lower conductivity, 
but with respect to these properties one element 
cannot be said to be better than the other—they 
are merely different. Some applications call for a 
high heat conductivity; some require limited heat 
transport. 

High-temperature parts very often fail by thermal 
fatigue caused by cyclic stresses induced in the 
parts when they are heated and cooled. The mag- 
nitude of these thermal stresses is directly related 
to the thermal expansion, conductivity, and elastic 
modulus of the material. Both molybdenum and 
niobium can be expected to have excellent thermal 
fatigue resistance because of their low coefficient 
of thermal expansion. Although molybdenum has 
a higher conductivity, niobium’s lower modulus will 
tend to offset this and the materials should both be 
resistant to thermal fatigue. 

Iron, chromium, tungsten, molybdenum, and ni- 
obium are all subject to a phenomenon known as 
the ductile-to-brittle transition, which is dependent 
on grain size, impurity content, temperature, and 
strain rate. This means that alloys of these ele- 
ments will break in a brittle manner when cold 
and/or under impact loading. Metallurgists have 
léarned to minimize this phenomenon by alloying 
in the case of iron and steel, but the problem is 
always present in the elements mentioned above. 

As the temperature of testing is lowered, these 
metals change their flow and fracture characteris- 
tics. The yield strength increases, and the mode of 
fracture changes from a ductile shear type to the 
brittle cleavage type. Fig. 3 illustrates the brittle 
cleavage fractures obtained on niobium specimens 
at low temperature. 


Oxidation Resistance 


With the exception of special gas turbine appa- 
ratus, such as turborockets, the high-temperature 
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parts of aviation gas turbines are subject to a 
highly oxidizing atmosphere. Again nature seems 
to be against the metallurgist, because all of these 
high melting elements that have been considered 
have practically no oxidation resistance at the tem- 
peratures of the desired applications. Molybdenum 
is particularly poor, because its oxide, MoO,, be- 
comes volatile below 1000 F, and above 1450 F comes 
off in clouds of white smoke. From a practical 
standpoint, niobium is not much better, although 
its oxide is not volatile. 

There are two approaches that can be used to 
overcome this difficulty. For example, the poor 
oxidation resistance of iron can be helped greatly 
by alloying it with chromium and other metals. 
This approach has been tried on molybdenum with 
no practical success. Sufficient protection of mo- 
lybdenum parts has been achieved by various coat- 
ings and claddings to make the element useful for 
many applications, but these give only temporary 
and somewhat unsatisfactory results. Turbine noz- 
zle vanes fabricated of Inconel-clad molybdenum 
sheet. represent one of the more successful applica- 
tions. These have been engine tested more than 30 
hr at temperatures over 2000 F with very satis- 
factory results. Niobium can be protected in a simi- 
lar manner. 

The problem of protecting niobium is much less 
severe, partly because its oxide is not volatile, and 
minute imperfections in the coating are not as dele- 
terious. The most significant difference between 
molybdenum and niobium is the possibility of devel- 
oping an oxidation resistant alloy of the latter with 
adequate mechanical properties. Several investi- 
gators have developed niobium-base alloys with 
excellent oxidation resistance up to 2250 F, and even 
better alloys can be expected. 


Ease of Fabrication 


Obviously, if a material is to be useful for struc- 
tural components it must be fabricated easily, using 
practical techniques. Molybdenum can be forged 
into useful shapes, using proper control of the tem- 
perature and amounts of reduction. It can also be 
rolled into bars and sheets. There is no apparent 
evidence of increased difficulty with niobium. In 
fact, experience indicates that fewer troubles will 
be encountered. One of the important aspects of 
proper fabrication of molybdenum is the necessity 
for fairly close control of residual cold work in the 


Table 1—Thermal Conductivity and Expansion of 
Molybdenum and Niobium 


Molybdenum Niobium 


FF OT OF 
Condition Value Condition Value 


Thermal 
Conductivity, 
Btu/sq ft/ 
hr/deg F/in. 

Thermal 
Expansion, 
in./in./ 
deg Fx 10-¢ 


212F 800 212F 377.5 


RT-1800F 3.4 RT-1800F 3.8 
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metal. With molybdenum of commercial quality, 
and with available alloys, a residual amount of cold 
work representing about 50-70% reduction is neces- 
sary to give the required strength and ductility. 
Too little cold work will make the molybdenum both 
weak and brittle, while too much will lower the re- 
crystallization temperature, reducing its strength 
at temperatures over 2000 F. 

To obtain this optimum amount of cold work, 
molybdenum alloys must be recrystallized at the 
proper point in the rolling or forging cycle and final 
reduction to size accomplished at temperatures 
ranging from room temperature to 2400 F, depend- 
ing on the particular alloy and final product. Die 
design and forging sequences must be especially 
controlled in the manufacture of intricate forgings 
to assure correct amounts of reduction throughout 
the finished part. 

Probably the first niobium-base alloys to be com- 
mercially available for structural parts will also be 
strain hardened, and-will require controlled amounts 
of cold work to give them desirable properties. 
Limited experience with niobium alloys indicates 
that close control may be required until alloys are 
developed which do not depend on work hardening 
for their properties. Little is known about forging 
techniques, but the higher general ductility of ni- 
obium permits most rolling operations to be ac- 
complished at or near room temperature. 

Forming sheet metal is one of the most important 
fabrication jobs that must be considered for avia- 
tion gas turbine parts. Both molybdenum and ni- 
obium are readily formed by the normal techniques, 
but molybdenum often must be heated to 600-1000 
F for severe forming. Indications are that this 
may not be necessary with niobium. This is not a 
serious disadvantage, because such warm working 
is normal practice in many magnesium and titanium 
fabrications. 

Joining is a more serious problem. Welding by 
such processes as inert gas shielded arc will cause 
the weld metal to pick up gaseous impurities, such 
as nitrogen and oxygen. These can seriously em- 
brittle both molybdenum and niobium. Many prob- 
lems remain unsolved in the field of welding both 
molybdenum and niobium, but the embrittlement 
problem seems to be of a much lesser magnitude in 
niobium. 

The molybdenum alloy vanes mentioned previ- 
ously are excellent examples of accomplishments 
with molybdenum. The parts were stretch formed 
of Inconel-clad molybdenum at 600-800 F, and the 
trailing edge tack welded by resistance. The trail- 
ing edge joint and the exposed edges were nicro- 
brazed to effect joining and protection of the 
sheared edges. No difficulties were experienced with 
any of the processes. 


Cost and Supply 


At present, niobium is 10 times more expensive 
than molybdenum for similar purity and product 
form. But with increased production, prices can be 
expected to fall drastically, and may well be com- 
petetive with molybdenum in a few years. 

The future availability of niobium and molyb- 
denum is unknown, although it is believed both 
will he in very adequate supply for specialized uses 
in aviation gas turbines. Extensive deposits of ni- 
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obium ore have been found, a considerable amount 
of it on this continent. Known reserves in 1955 
were 10 times as great as during World War II. Mo- 
lybdenum, too, is high on the strategic list, although 
the situation was never considered to be as serious 
as with niobium. 


To Order Paper No. 14A... 
...0n which this article is based, turn to page 5. 


Based on discussion 


By Robert I. Jaffee 


Battelle Memorial Institute 


HE high-temperature properties shown for the 

Nb-0.6Zr alloy are considerably better than those 
of pure niobium, in fact, about three times as good. 
The zirconium in this alloy actually is an impurity, 
since it is understood that the material is com- 
mercial unalloyed niobium. Whether zirconium is 
an impurity or not is immaterial if it is doing an 
effective job in improving the high-temperature 
strength of niobium. The molybdenum alloys which 
show so much promise also contain zirconium or 
titanium in about the same amounts. However, it 
has been found by others that titanium and zir- 
conium are rather ineffective in improving the high- 
temperature strength of niobium. Therefore, one 
wonders if the high properties shown were the result 
of internal oxidation during vacuum rupture test- 
ing. Also, the ductility of the alloy during test and 
the possible embrittlement at room temperature 
are questions that need answering before the high 
properties shown can be taken as typical of niobium 
alloys. 

The good low-temperature ductility of niobium 
in the recrystallized condition is a big advantage of 
niobium over molybdenum, which is brittle at room 
temperature. Another advantage is that welded 
niobium is ductile, whereas welded molybdenum is 
very brittle at room and moderately elevated tem- 
perature. A third advantage of niobium is its ability 
to be cold rolled to a high-quality foil and sheet, 
which, combined with its weldability, makes niobium 
suitable for high-temperature honeycomb and sand- 
wich construction. 

The oxidation characteristics of niobium are 
much superior to those of molybdenum, and there 
are good prospects that oxidation-resistant alloys 
will be developed which will permit elevated-tem- 
perature service for short periods at least. However, 
if the niobium alloys have to be protected by a coat- 
ing for long-time service, niobium alloys may prove 
inferior to molybdenum alloys because of greater 
interdiffusion between the coating and the core ma- 
terial. 

The development of niobium for aircraft and mis- 
sile applications has only really begun. It is my 
opinion that neither molybdenum or niobium will 
have a clear field of advantage. Molybdenum alloys 
probably always will develop superior elevated-tem- 
perature strength. The coating problem for mo- 
lybdenum will not be solved for many types of ap- 
plication. Niobium’s chief areas of application 
probably will be where its low-temperature ductility 
and weldability are needed. Thus, these metals 
will complement rather than compete with each 
other in the high-temperature aircraft field. 





BRAKE HORSEPOWER 


Fig. 1— Brake horsepower 
data obtained with fuel in- 
jection and carburetion. 
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Fuel Injection ... 


Comparison of engine operation with 
method of metering the fuel the only 
variable shows that fuel injection has some 
benefits over carburetion, as far as per- 
formance and knock requirements are 
concerned. 


Based on paper by 


A. E. Felt, D. L. Lenane, and K. W. Thurston 


Ethyl Corp. 


OMPARISON tests of fuel injection and carbure- 
retion —on the same engine and, in so far as 
possible, with the method of metering the fuel being 
the only variable — produced the following conclu- 
sions: 

1. There was a slight increase in brake horse- 
power with fuel injection, the increase varying from 
zero to a little less than 3%, depending on engine 
speed. This improvement was due to the elimina- 


tion of manifold heat. 
2. Fuel economy, as measured by brake specific 
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just how good 


fuel consumption, was the same with both systems 
across the manifold-vacuum and speed range of the 
engine when each system was operated to provide 
minimum specific fuel consumption. 


3. Primary reference fuel requirements during 
full-throttle operation were the same with both sys- 
tems at maximum-power fuel-air ratio and mini- 
mum spark advance for best torque at speeds above 
1600 rpm. At 800 rpm, use of fuel injection reduced 
the requirement by 1.7 octane numbers. 


4. Unleaded sensitive reference fuels tended to 
rate higher with fuel injection at 1600 rpm, and 
lower at 3200 rpm. 


5. Leaded sensitive reference fuels rated higher 
at all speeds with fuel injection; the amount of the 
increased rating was dependent on tel concentration. 


6. The effectiveness of tel in improving the anti- 
knock quality of fuels was enhanced in this engine 
when fuel injection was used. 


Since it was desired that each system be operated 
so that it gave optimum performance, the major 
portion of the program was performed on an engine 
dynamometer, where close control of operating con- 
ditions could be obtained. Other studies with a ve- 
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is it? 
hicle on the chassis dynamometer verified the dyna- 
mometer data. 


Power and Economy 


When determining power output, both fuel meter- 
ing systems were operated at ideal conditions. The 
fuel-air ratios were adjusted to give best power, and 
ignition timing was maintained at the minimum ad- 
vance for best torque (hereafter mbt). Full-throt- 
tle brake horsepower data are shown in Fig. 1. As 
compared with carburetion, the fuel-injection sys- 
tem produced some small gains in brake horsepower 
above 1200 rpm, amounting to 2.7% at 2800 rpm and 
2.5% at 4400 rpm. 

The improvement in power was accompanied by 
similar increases in volumetric efficiency and brake 
torque, as shown in Fig. 2. This improvement is 
probably due to the lower intake-manifold tempera- 
tures with the fuel-injection system and the elimi- 
nation of the small drop in air pressure, and thus 
density, through the carburetor venturi. Brake spe- 
cific fuel consumption during full-throttle operation 
was reduced by a maximum of 7.2% at 1600 rpm 
when the fuel-injection system was used, primarily 
because of the different fuel-air ratios at which best 
power was obtained with the two systems. With 
fuel injection, the power curve was essentially flat 
throughout a range of fuel-air ratios from 0.078 
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Fig. 2— Volumetric effi- 
ciency, brake torque, and 
bsfc data obtained with fuel 
injection and carburetion. 


through 0.090. With carburetion, maximum power 
was achieved at a fuel-air ratio of 0.082, and the 
power began to fall off at a ratio of 0.090. 

The mbt spark advance was essentially the same 
across the speed range for both systems, as shown 
in Fig. 3. However, the fuel-injection system re- 
quired slightly more advance between 1600 and 2800 
rpm, and slightly less advance between 4000 and 
4400 rpm. 

A comparison of part-thiottle fuel economy as 
measured by brake specific fuel consumption is 
shown in Fig. 4. The values shown cover operation 
at manifold pressures ranging from 12 in. Hg abso- 
lute to wide-open throttle, and at engine speeds 
ranging from 800 to 3600 rpm. There was no benefit 
derived in changing from carburetion to fuel injec- 
tion when both systems were operated at maximum- 
economy fuel-air ratios and mbt ignition timings. 
These constant-speed data should not be construed 
to imply that there can be no gain in over-the-road 
miles per gallon with fuel injection. There is a 
definite possibility of eliminating the accelerating 
pump and of accomplishing fuel cutoff during pe- 
riods of deceleration with some fuel-injection sys- 
tems. These changes could improve gasoline mile- 
age, the amount of improvement being dependent 
on driving conditions. 

Changing the time of injection relative to inlet 
valve timing had little effect on maximum power. 
However, engine operation was unsteady with late 
injection at low speeds and lean mixtures. Earlier 
injection improved low-speed performance and re- 
duced the minimum brake specific fuel consumption 
over a wide range of speeds and loads. The best re- 
sults were obtained by starting injection 135 crank- 
angle deg before the intake valve opened. Since the 
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Fuel Injection . 


continued 


injection period was 180 crankangle deg, most of the 
fuel was sprayed into the intake port before the in- 
take valve opened= 


Primary Reference Fuel Requirements 


Octane-number requirements in terms of primary 
reference fuels were obtained for both systems at 
the fuel-air ratios for best power, and at 800, 1600, 
2400, and 3200 rpm. The fuel-air ratios were 0.078 
for fuel injection and 0.082 for carburetion. Intake 
air temperature was controlled at 100 F. 

Fig. 5 shows the primary reference fuel require- 
ments of the engine at mbt ignition timing when 
equipped with the two fuel metering systems. It is 
evident that there is no significant difference in 
requirements except at 800 rpm where the require- 
ment with fuel injection was 1.7 octane numbers 
lower than with carburetion. This difference is pre- 
sumably due to improved cylinder-to-cylinder dis- 
tribution of the fuel. However, the full-throttle re- 
quirement at 800 rpm is largely academic in a car 
equipped with an automatic transmission. When 
the ignition timing was retarded from mbt for a 1, 
2, and 5% power drop, the same relationship existed 
for requirements with the two different fuel meter- 
ing systems. 


Sensitive Reference Fuels 


Four different series of sensitive reference fuels 
were investigated over the same speed range em- 
ployed for the primary reference fuels. 

Again, intake air temperature was controlled at 
100 F and the fuel-air ratios were maintained at 
0.078 with fuel injection and at 0.082 with carbure- 
tion. The sensitive reference fuels included the S 
series (blends of isooctane, heptane, and dib),- the 
H series (blends of heptane, isooctane, and toluene), 
the B series (balanced blends of isooctane, heptane, 
dib, and toluene) and the 1955 series of CRC full- 
boiling range commercial reference fuels. The first 
three series were unleaded, but the CRC fuels con- 
tained 1.6—2.67 ml tel per gal, depending on the oc- 
tane number. All four series had essentially the 
same sensitivity. 

Fig. 6 shows engine rating of the S fuels obtained 
with carburetion and fuel injection at two different 
speeds, and compares these ratings with the Re- 
search ratings of the same fuels. There is a small 
but consistent tendency for these fuels to be rated 
higher in the fuel-injection engine at 1600 rpm 
and higher in the carbureted engine at 3200 rpm. 

Fig. 7 shows ratings of the H fuels under the 
same conditions. Here again, the fuel-injection 
system tends to rate the fuels higher at low speed 
and lower at high speed. 

Engine ratings of the B series of fuels are com- 
pared with Research ratings in Fig. 8. Again, the 
fuel-injection engine rated the fuels higher than did 
the carbureted engine at 1600 rpm, and lower at 
3200 rpm. 
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MINIMUM BRAKE SPECIFIC FUEL CONSUMPTION 
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Fig. 3 — Ignition requirements comparison. 
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Fig. 4— Fuel economy comparison. 


There is an explanation for the tendency of these 
sensitive fuels to be rated higher with fuel injection 
at low speed and lower at high speed. First, fuels 
were rated at overall fuel-air ratios of 0.078 with 
fuel injection and 0.082 with carburetion. Also, it 
would be expected that cylinder-to-cylinder distri- 
bution of the fuel-air ratio with the carburetor 
would be considerably better at- high speed than at 
low speed. A number of fuels were rated in the en- . 
gine at fuel-air ratios ranging from 0.060 to 0.100 
using fuel injection to insure that all cylinders were 
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OCTANE NUMBER REQUIREMENT 


Fig. 5— Primary reference fuel octane- 
number requirements. 
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Fig. 7 — Fuel rating comparison — H ref- 
erence fuels. 


at the same fuel-air ratio. Among these were fuels 
of the H and §S series. At 1600 rpm, a fuel of the H 
series having a Research octane number of 96, rated 
94.6 octane number at 0.078 F/A, and 95.2 at 0.082. 
This is approximately the spread shown in Fig. 7 
between the fuel injection (0.078) and carburetion 
(0.082) ratings of the H series of fuels at 3200 rpm, 
where good cylinder-to-cylinder distribution of fuel- 
air ratio would be presumed to exist with either sys- 
tem. At 1600 rpm, where cylinder-to-cylinder dis- 
tribution of fuel-air ratio with the carhbureted en- 
gine would not be as good, the higher ratings with 
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Fig. 6 — Fuel rating comparison — S refer- 
ence fuels. 
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Fig. 8 — Fuel rating comparison — 8B ref- 
erence fuels. 


fuel injection would occur if any one cylinder of the 
carbureted engine were running as lean as 0.070, 
even though the engine had an overall fuel-air ratio 
of 0.082. Such deyiations from cylinder to cylinder 
would be expected at low speed. 

The effects of changes in fuel-air ratio on knock- 
ratings of a number of fuels, some of which were 
blends of various hydrocarbons and some of which 
were commercial fuels, were studied using the fuel- 
injection equipment. With this equipment, it was 
assured that each cylinder was running at the same 
fuel-air ratio and that each cylinder was receiving 





Fuel Injection .. . 
continued 


the same amount of each of the various components 
of the fuels. The effect of changes in fuel-air ratio 
on knock-limited spark advance for a series of pri- 
mary reference fuels is shown in Fig. 9. Here, the 
shapes of the curves for all the primary reference 
fuels are quite similar, and the minimum knock- 
limited spark advance occurs at about 0.075 F/A 
regardless of octane-number level. On the other 
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Fig. 9—Fuel-air ratio knock-limited 
spark-advance effects. Fuel injection, 
1600 rpm, primary reference fuels. 
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Fig. 11—Fuel-air ratio octane-number 
effects. Fuel injection, 1600 rpm. 


hand, as shown in Fig. 10, similar data secured for 
four commercial fuels resulted in minimum spark 
advance occurring from 0.065 to 0.072 F/A, and there 
was very little similarity in the shape of the curves. 
When Figs. 9 and 10 are combined for the purpose 
of assigning octane numbers to the commercial 
fuels, the results are as shown in Fig. 11. It can 
readily be seen that variations in fuel-air ratio can 
cause the engine rating of a sensitive fuel to vary 
from 92.6 to 98 octane number. Since the cylinder- 
to-cylinder fuel-air ratio in the carbureted engine 
may vary by as much as + 0.020 F/A at low speed, it 
is no wonder that full-scale engine ratings some- 
times fail to correlate exactly with laboratory single- 
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Fig. 10—Fuel-air ratio knock-limited 
spark-advance effects. Fuel injection, 
1600 rpm, four commercial fuels. 
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Fig. 12— Fuel rating comparison. CRC 
C-55 reference fuels. 
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cylinder ratings. Although it is not implied that 
this is the only reason, it can certainly be an impor- 
tant and complicating factor. 


Tel 


Fig. 12 shows ratings of the leaded CRC commer- 
cial reference fuels with the two fuel metering sys- 
tems at two engine speeds. Ratings were higher at 
both 1600 and 3200 rpm when fuel injection was 
used. This was also true at intermediate speeds. 
As in the previous test work, ratings were made at 
0.078 F/A with fuel injection, and at 0.082 F/A with 
carburetion. 

Table 1 illustrates the improvement in fuel rating 
obtained with fuel injection. The fuel designation 
numbers indicate Research octane numbers of the 
fuels. Values given are average increases at four 
speeds from 800 to 3200 rpm. 

Since the improvement increases with tel con- 
centration, these data suggest that the use of fuel 
injection improves the distribution of tel to the cyl- 
inders, as compared to carburetion in this engine. 

. Therefore, use of this fuel-injection equipment 
on this engine could lower the concentration of tel 
required in a given base fuel to satisfy the engine 
requirement or would permit operation at a higher 
compression ratio or greater spark advance with the 
same tel concentration. It should be emphasized 
that this is true for this engine. Other engines 
could react differently. 

A comparison of the tel effectiveness with each 
fuel system was made in the following manner. A 
commercial fuel with tel concentrations of 0, 1.0, and 
3.0 ml per gal was rated at 1600 rpm using both car- 
buretion and fuel injection. The ratings indicated 
that 1.0 ml tel per gal with fuel injection had the 
same antiknock effectiveness as 3.0 ml tel per gal 
with carburetion, as shown in Fig. 13. 

Since the carburetion ratings were made with 
normal manifold heat, there was a question as to 
what part of the improvement was due to the re- 
duced manifold temperature with fuel injection. 
Therefore, the test was repeated using other fuels 
and operating the fuel-injection unit with the mani- 
fold heat crossover passage open, as in the carbure- 
tion ratings. Four fuels of varying hydrocarbon 
type, each of which had normal distillation charac- 
teristics and was commercially feasible, were pre- 
pared with tel concentrations ranging from 0 to 3.0 
ml per gal. The fuels were blended so that they 
approximately satisfied the requirements of the en- 
gine with the intermediate tel concentration of 1.5 
ml per gal. These fuels were rated at 1600 and 3200 
rpm with each fuel system. As shown in Fig. 14, ay- 
erage data for the four fuels revealed that 1.25 and 
2.0 ml tel per gallon with fuel injection are equiva- 
lent to 2.0 and 3.0 ml tel per gal, respectively, with 
carburetion at 1600 rpm. At 3200 rpm, the averages 
indicate that 1.6 and 2.2 ml tel per gal with fuel 
injection are equivalent to 2.0 and 3.0 ml tel per gal, 
respectively, with carburetion. 

These data show that, in this engine, fuel injec- 
tion improves tel effectiveness over a wide speed 
range. This improved effectiveness is presumably 
due to improved distribution of tel from cylinder to 
cylinder. 


> To Order Paper No. 3B... 
...0n which this article is based, turn to page 5. 
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Table 1—Improvement in Fuel Rating Obtained 


ENGINE OCTANE NUMBER 


with Fuel Injection 


Octane-Number 
Improvement with 
Fuel Injection 


Tel, ml/gal 


2.67 
2.39 
2.10 
1.84 
1.60 


1.0 2.0 3.0 
TEL CONCENTRATION, ML. GALLON 


Fig. 13 —Tel effectiveness. One com- 
mercial fuel, 1600 rpm. 
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TEL CONCENTRATION, ML /GALLON 


Fig. 14—Tel effectiveness. Average of 
four commercial fuels. 
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Fig. 1—Chart by which bolt torques on a joint assembly can be translated 
to true gasket loads. 


A New Tool for use in 
Selecting the Right Gasket 


get true gasket loads on a flanged assembly like the 


Based on paper by 


E. M. Smoley 


Armstrong Cork Co 


Y use of a recently developed chart (Fig. 1) the 
designer can get considerable help in selecting 
gaskets for existing flange assemblies. The chart 
permits him to translate bolt torques on a joint 
assembly to true gasket loads. Thus, it provides a 
basis for determining the minimum loads which, in 
many cases, are the practical criteria of sealability. 
Here’s how the chart can be used, for example, to 
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one shown in Fig. 2. In the field of low internal 
pressures, this assembly is commonly used for seal- 
ing oil, gasoline, water, steam, and other media. 
Some examples are the flanged joints on auto- 
motive pumps, rocker arm assemblies, oil pans, and 
oil pumps. Generally speaxing, the gaskets em- 
ployed are made from cork composition, cellulose 
fiber, and asbestos fiber, combined with varying 
proportions of rubber. 

Flange loads can be estimated from known torque 
settings on the bolts. But flange loads based on 
bolt torques are different from actual loads on the 
gasket, because of the frictional characteristics of 
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the mating threads. This chart (Fig. 1), however, 
reconciles this difference, thereby permitting the 
designer to translate bolt torques on a joint assem- 
bly to true gasket loads. This figure is applicable to 
any design of the type illustrated, but only if cer- 
tain rather broad conditions are imposed on the 
design to minimize frictional variations in bolt 
efficiency. 

Flange pressures calculated from known bolt 
torques are plotted along the vertical scale. Be- 
cause they do not represent true or actual gasket 
loading conditions, they are called “apparent” 
flange pressures—to distinguish them from the 
actual flange pressures plotted along the horizontal 
axis. 

To calculate an apparent flange pressure for a 
particular joint assembly, bolt torque has to be con- 
verted to bolt load. An approximate equation suit- 
able for the purpose is: 

T =0.2DL 

where T = torque, lb-in.; D=nominal bolt diameter, 
in.; and L=bolt load, lb. The sum total of all bolt 
loads on a design having been found, the calcula- 
tion follows the simple formal procedure for find- 
ing a load per unit area; that is, the total load 
divided by the gasket-flange contact area. The 
flanges, of course, must not distort under the bolt 
loads. 

Actual gasket loads vary, of course, with varia- 
tions in bolt efficiency. So, the apparent flange 
pressure calculated for a design cannot be related 
to just one actual flange pressure value. Instead, 
it is possible to speak only in terms of a range of 
actual values. The lower limit of this range is ob- 
tained from the design curve of Fig. 1; while the 
upper limit is the apparent value itself. Suppose 
the apparent value is 1375 psi. The actual flange 
pressure falls somewhere in the range extending 
from 400 to 1375 psi. By recognizing certain thread 
conditions one could guess in which half of the 
range the actual flange pressure is most likely to 
be. 

Rough, dry, or slightly rusty screw threads are 
conducive to low bolt efficiencies; consequently, 
under such conditions the actual gasket loads will 
most likely fall in the lower half of the range, be- 
cause much of the bolt torque is consumed in over- 
coming thread friction. On the other hand, if the 
threads are oiled or greased, bolt efficiencies will 
tend to be relatively high. Result: actual gasket 
loads will more than likely shift to the upper half 
of the range. 

The straight line of the graph of Fig. 1 gives 
another actual flange pressure value which roughly 
coincides with the mid-point of the range as de- 
scribed above. For this reason it could be referred 
to as a most probable value. 


Minimum Sealing Loads Required For Gaskets 


The compression scales below the graph in Fig. 1 
are designed so that the minimum sealing load 
specified for a gasket can be used in connection 
with the above method of estimating gasket loads. 
To avoid crowding, only three gaskets are shown 
in Fig. 2; each represents one of a general class. 
From current information, however, it is possible to 
list a variety of gaskets capable of meeting almost 
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any service requirement in the field of low internal 
pressures. 

The minimum sealing compression for a material 
is given by the last compression value on its com- 
pression scale. Vertically above this final value the 
minimum actual flange pressure for sealing can be 
found on the actual flange pressure scale. For ex- 
ample, 47% is the minimum compression for DC- 
179; by reading directly above, it is seen that a 
minimum of 400 psi actual flange pressure is re- 
quired to get that much compression. 

It should be understood that a seal point is a 
minimum loading condition—not a point of over- 
load. It must be equalled or exceeded. Higher 
loads will usually result in tighter seals. If for some 
reason it is mandatory to impose greater loads on 
a gasket than are recommended in Fig. 1, no harm 
can be done to the gasket as long as the loading is 
distributed uniformly. In fact, the rupture points 
for the materials listed in Fig. 1 range upward 
from 4000 psi on the actual flange pressure scale. 


Gasket Selection and Flange Design 


In practice the use of Fig. 1 is somewhat arbi- 
trary. It is not intended to be a substitute for, but 
rather an adjunct to, the designer’s engineering 
judgment and experience. 

As an aid in selecting gaskets for existing flange 
assemblies one possible use might proceed as fol- 
lows: 

From the bolt torque settings on the design along 
with Fig. 1, the range of actual flange pressures is 
found according to the procedure already discussed. 
The idea basic to gasket selection is that the flange 
assembly must operate at or above the seal point 
for the selected material. To be certain of this, 
the designer selects only those gaskets whose seal 
points are less than or equal to the lower limit on 
the range of actual flange pressure values for the 
design. This amounts to assuming the assembly 
contains bolts of low efficiency, thereby producing 
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Fig. 2—Sample flanged assembly on which true gasket loads may be 
calculated by use of chart in Fig. 1. 
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A new tool for use 
in selecting the right gasket 


continued 


gasket loads near the lower limit on the range of 
actual values. But such efficiencies are rarely en- 
countered in practice. Usually they are higher. 
The result is a high degree of certainty that the 
flanged assembly will operate above the critical 
sealing load for the gasket. 

In design the same basic ideas apply. Here the 
problem is one of finding the number of bolts, their 
size and torque setting so that the actual flange 
loads will never be less than the sealing minimum 
for the gasket. There are three general considera- 
tions involved. 


1. Suppose the flange loading on an assembly is 
to be designed around the DC-179 gasket whose 
minimum sealing compression is 47% and mini- 
mum actual flange pressure is 400 psi. In accord- 
ance with the previous discussion, the 400-psi seal 
point must be taken as the lower limit on the range 
of actual flange pressure values for the proposed 
design. The design calculations are then based on 
an apparent flange pressure of 1375 psi which is 
obtained from the design curve of Fig. 1. Assuming 


the gasket-flange contact area of the proposed de- 
sign is 12 sq in., the total apparent load in pounds 
is: 


12 x 1375 = 16,500 


2. The total apparent load must be divided 
equally among the number of bolts selected. It is 
almost impossible to give clearcut general rules on 
determining the number of bolts required, because 
in the field of low internal pressures there are too 
many variations in the basic flange design under 
consideration. For the problem in question assume 
that eight 1/4-20 NC mild steel bolts are sufficient 
to carry the load without causing flange distortion. 
Each bolt must carry about 2063 lb. The torque (in 
pound feet) is readily found as follows: 

T=0.2 DL 
= 0.2 x 0.250 x 2063/12 
= 9 (approximately) 

3. Torque values must not be so high that there 
is a possibility of bolt yield or breakage. If so, the 
bolt number is increased; if the number cannot be 
changed then the next larger bolt size must be se- 
lected. Table 1 gives a rough idea of the torque 
limits for some of the bolts found in the field of low 
internal pressures. 

These limits apply to mild steel bolts (per cent 
carbon 0.15-0.25). As the steel becomes harder the 
limits can be increased accordingly. The table 
shows that the 9 lb-ft of torque on a 1/4-20 NC mild 
steel bolt is satisfactory. In summarizing then, the 
9 lb-ft of torque on each of the eight 1/4-20 NC 
bolts should produce an actual flange pressure of 
no less than 400 psi, the seal point for the DC-179 
gasket. 


Pressures from Gasket Compressions 
Obviously the range of actual gasket loads for a 
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given torque setting is rather wide. However, if on 
an existing flanged assembly a more accurate esti- 
mation of actual flange loads is necessary, then it 
is suggested that solder plug techniques be em- 
ployed. 


Conditions of Applicability For Chart 


In order that actual gasket loads be determined 
from bolt torques and Fig. 1, certain conditions 
must be imposed on the flanged assembly: 


1. Mating screw threads must be free of lock 
nuts, wrench tight fits, and various types of 
plating. 

2. Bolts must be no softer than mild steel; alu- 
minum or brass is not acceptable. Mild steel 
bolts threading into cast iron are satisfactory. 
3. Lock washers or any other device which may 
give rise to a high coefficient of friction be- 
tween the bolt and flange must not be used. 

4. Flanges must distribute their bolt loads uni- 
formly over the gasket. Solder plug techniques 
can be used as a test for determining whether 
or not a flange assembly is distributing its loads 
uniformly. 

5. Bolt sizes can range from 1/4-20 NC to 
3/4-10 NC. The fine thread series is also ac- 
ceptable. 


Basis for Chart (Fig. 1) 


Fig. 1 is based on results obtained from a num- 
ber of flanged assemblies selected from the field of 
low internal pressures. They included automotive 
rocker arm designs, automotive water pumps, com- 
pressor-head flanges and others. 

The curves of Fig. 1 are a result of a statistical 
correlation study between the apparent and actual 
flange pressures. The straight line is the statistical 
least squares line and the curved line can be con- 
sidered a confidence curve based on a probability 
level and the variability of the data. Furthermore, 
the confidence curve is also associated with low 
bolt efficiencies. Bolt efficiencies were studied by 
electromechanical strain-gage methods. 


To Order Paper No. 13A... 
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Table 1—Torque Limits for Bolts used in Field of Low 
Internal Pressures 

Bolt Size Maximum Torque, |b-ft 
1/4-20 NC 10 
5/16-18 NC 15 
3/8-16 NC 30 
7/16-14 NC 45 
1/2-13 NC 60 
9/16-12 NC 85 
5/8-11 NC 130 


SAE JOURNAL 





A feature of the 


SAE Nuclear Energy Advisory Committee 


Interplanetary travel . . . 


. . . will require nuclear propulsion, such as the conventional nuclear rocket, atomic 
recoil propulsion, or the ionic drive described here briefly. 


Reported by 


T. F. Nagey 


Member, SAE Nuclear Energy Advisory Committee 


NTERPLANETARY travel, according to most rocket 

experts, will require some form of nuclear propul- 
sion. Among the nuclear systems that have been 
suggested are the conventional nuclear rocket, 
atomic recoil propulsion, and the ionic drive. All 
of them will require considerable technological 
progress in both nuclear and associated fields be- 
fore they become practical. 


Conventional Nuclear Rocket 


One of the most promising systems for ready de- 
velopment, despite present shortcomings, is the nu- 
clear rocket, in which the oxidizer is replaced by a 
reactor. In this propulsion scheme, a fuel—a good 
one would be liquid hydrogen—is used as the reactor 
coolant, which becomes heated and is ultimately 
ejected at high velocity. The practicality of this 
system for extended planetary travel seems to be 
limited, due to the difficulty in storing and trans- 
porting the hydrogen for extended periods of time. 
It does appear to offer potential for short-duration 
flights, such as to the moon. 

The energy required from such a reactor would 
have to be on the order of 4000-5000 megawatts 
(227-284 million Btu per min). This power require- 
ment is rather high when compared to reactors cur- 
rently under consideration. Though power level is 
important, the temperature required by this system 
is equally important. For example, even for a rela- 
tively small, well-designed rocket, the temperature 
rise required of the hydrogen fuel would be on the 
order of 2300-3200 F. Of course, the reactor heat 
transfer surface must be at a much higher tem- 
perature than this. It is not difficult to visualize 
the magnitude of the engineering problems asso- 
ciated with temperatures of this order. Even when 
using high-temperature materials such as uranium 
carbide (melting point, 4036 F), the construction 
of a reactor such as this would be an extremely diffi- 
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cult problem. The engineering limitations of this 
system may be extended if a consumable reactor 
proves feasible, and the powered flight time require- 
ment is maintained within a few hundred seconds. 


Atomic Recoil Propulsion 


Assuming a vehicle is in outer space, several pro- 
posals suggest propulsion would be possible by re- 
coil momentum provided by fission fragments asso- 
ciated with a nuclear reaction or by particles ejected 
during the decay of radioisotopes. Fission fragment 
propulsion is extremely difficult to visualize for 
many reasons, among them is the unique interrela- 
tionship between reactor geometry and criticality. 

The possibility of propulsion by decay particles is 
somewhat enhanced by the fact that radioisotopes 
could be placed in an extremely thin layer on a 
large surface which, when exposed in the vacuum 
of outer space, would act as a sail for the recoil sup- 
plied by the ejection of decay particles, thus driving 
the vehicle. Using the radioisotope polonium for 
this application, a sail with an area of about 200 sq 
ft could accelerate a mass of 22.4 lb at an average 
rate 10-° g during its 138-day half-life. 

These propulsion schemes are admittedly exotic 
and considered impractical. 


lonic Drive 


Probably the most intriguing ideas revolve around 
the possibility of all-electrical rocket propulsion 
systems. One system being considered involves the 
use of a rather small nuclear reactor to drive a 
turboelectric generator. The electric energy would 
be used to accelerate ions and electrons in a thrust 
chamber (acceleration grids). The propellant re- 
quired in this particular system must have a high 
atomic mass, coupled with a low ionization poten- 
tial. Several papers report that such an ion propul- 
sion rocket can be expected to extract approximately 
fifty times more impulse than a chemical rocket. 
These papers also indicate that the reactor power 
required is 50-100 megawatts. The biggest deterrent 
to a successful application of ionic drives is not the 
reactor per se but in problems associated with elec- 
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trical generating equipment. Present equipment is 
so heavy that it limits rocket performance se- 
verely. 

A better approach to this problem of weight—and 
at the same time more conjectural—lies in the de- 
velopment of thermoelectric conversion devices; 
that is, methods for obtaining electrical power di- 
rectly from the reactor without the intermediate 
thermodynamic cycle and its attendant complex of 
electrical generating apparatus. These schemes 
range from operating a pressure wave against a 
magnetic field in a fusion-plasma device to utilizing 
the solid-state properties of semiconductors. 

A recently announced device, called a thermo- 
electron engine, utilizes a temperature gradient be- 
tween two plates with a consequent flow of elec- 


tricity. The engine has demonstrated efficiency of 
about 12%. This efficiency at such an early stage 
in the development is extremely gratifying inas- 
much as normal steam-electrical power plants re- 
port efficiencies slightly over 25%. The promise 
of this approach is further bolstered by a forecast 
that an efficiency of 30% can be eventually achieved. 
Apparently, a powerplant using this principle could 
be built to yield as much as 15 kw per cu ft of vol- 
ume. On the other hand, a conventional plant of 
the very best design has a capacity of 0.3 kw per 
cu ft. 

Obviously, if a development such as the thermo- 
electron engine meets its promise, the use of an 
ionic drive with direct conversion offers a desirable 
direction for space travel. 


Different’ Station Wagons... . 


. . . Visioned in foreseeable future. Rear-engines, club-car seating, roll-top roofs—even 


cooking facilities are in designers’ minds. 
9 people with ease. 


Excerpts from paper by 


D. C. Woods, 


Ford Motor Co. 


TATION wagons of the future may be very differ- 
ent from those we have today. With the station 
wagon market now over 500,000 units a year, some- 
one may divorce its design completely from the regu- 
lar car line. They might then bring out a model de- 
signed strictly for large capacity, good appearance, 
dependability, and ruggedness. 

One such type could be similar to the European 
small, rear-engine designs which allow a maximum 
number of people to ride in minimum overall dimen- 
sions. An overall length of 180 in. can accommodate 
nine people with ease, if the driver sits over the 
front wheels. 

Another type would be a pickup truck variation 
similar to the present Ford Ranchero but with a re- 
movable or a canvas folding top to give protection to 
passengers. The new International line has a com- 
bination car-truck called the Travelette, where the 
passenger-car portion seats five and six people com- 
fortably and yet still allows a small pickup bed to be 
placed behind the car body. 

Unique seating arrangements will be explored, 
such as the ubiquitous club car seating, where the 
rear passengers sit in a semicircle, as in a railroad 
observation car. This has always been impossible in 
a conventional passenger car, because of width lim- 
itations as well as the presence of the drive shaft and 
rear axle. With a rear-engine model this might be 
possible with the increased body widths becoming 
more popular. 

In combination with this club car seating we could 
have a forward driver station wagon where the 


Overall length of 180 in. can accommodate 


driver is alone and back of him is a semicircular 
lounge seat which could hold six or seven people. 
That, plus the driver, would give the same seating 
capacity that we have today but a much more unique 
arrangement of passengers. Another type would be 
fully swivelling seats where the passengers could 
face to the rear, to the front, or any direction, so as 
to vary their attitude on a long cross-country trip. 

As for exterior appearance, we will certainly be 
seeing sliding or roll top roofs, the sliding panels 
going back into the roof, the roll top being similar 
to the old roll top desks where aluminum or light- 
weight plastic strips retract into a center roller. Or 
we could have swing up sides for easy accessibility 
and also entrance and exit. These would be pivoted 
at the top and break through the middle at the belt 
line. This was an arrangement shown on a General 
Motors show car a few years back called L’Univer- 
selle, which had many fine design features. Finally, 
the ultimate in station wagon design would be what 
we could call a transcontinental cruiser which would 
be equipped with bunks, tables, and all the manifes- 
tations of a living room on wheels: built-in televi- 
sion, cooking facilities, plumbing, in other words a 
trailer built into a car on a somewhat modified scale 
so that everyone could be together on a trip and yet 
enjoy the comforts which can be found in a trailer. 

The station wagon is no longer connected exclu- 
sively with the station, nor is it by any means a 
wagon. In its flexibility and spaciousness it most 
nearly fills all the needs of the typical American 
family. In the future new names will supplant sta- 
tion wagon, and I submit what I think it will become, 
“The Second Home.” 


To Order Paper No. 27A... 
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Radioactivity Traces 


Piston-Ring Wear 


Based on paper by effective in reducing low-temperature ring 
wear. Zinc dialkyldithiophosphate addi- 
J. S. Batzold, J. V. Clarke, Jr., and J. F. Kunc tions, however, had no effect on the amount 
of ring wear obtained. 
Esso Research & Engineering Co. 
4. Wear rates under normal jacket-tem- 
ONTINUOUS monitoring of lubricating oil in a perature conditions are very low. 
car containing radioactive rings provides a bet- 
ter understanding of the factors governing piston- 5. Some, but not all, rust preventives are 
ring wear in passenger-car engines. A recent radio- effective in reducing low-temperature wear. 
tracer study reveals: 


Wear Greatest at Low Jacket Temperature 


The effect of jacket temperature on the rate of 
top ring wear was studied at continuous idle. Here, 
the jacket temperature was kept at the desired level 
by adding a controlled amount of cold water to the 
coolin stem. The range of jacket temperature 
2. The magnitude of low-temperature ring studied ao between 60 F and she F, Beara sei SAE 
wear is influenced by fuel components ca- 10W-30 mineral oil in the crankcase and a leaded 
pable of producing corrosive materials upon gasoline containing 0.045% sulfur as fuel. 
combustion. As the jacket temperature was reduced below 110 
F, the rate of wear increased markedly. As shown 


1. Under conditions of low jacket tempera- 
ture, very severe piston-ring wear has been 
found to occur due to corrosive action by 
products of combustion. 


3. Present day compounded motor oils are 





100@ 


80 Table 1—Effect of Fuel Additives on Ring Wear 
at 70 F Jacket Temperature 
RELATIVE 60 (Commercial 10W-30 Lubricant) 


TOP RING Additive in |so-octane Relative Wear Rate 


wear 40 None 100 
1 Theory Ethylene Br, * 150 
1 Theory Ethylene Cl, + 
20 1/2 Theory Ethylene Br, * 180 
0.05% Sulfur 460 
i 3.0 ml tel/gal » 120 
60 100 140 180 *No lead present; concentration based on hypothetical 
AVG JACKET TEMP. °F. 3 ml tel/gal 


b 
Fig. 1—Top ring wear increases with decreasing jacket tem- As aviation mix (tel + 1 Theory Ethylene Br,) 


perature. 
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in Fig. 1, the wear rate at 60 F was ten times as high 
as it was at 110 F. 

The sensitivity of the ring wear rate to jacket 
temperatures below 110 F suggests that a chemical 
mechanism is responsible for this wear. One ex- 
planation that fits the data obtained in this study 
is that water and fuel-derived inorganic acidic 
materials (SO,, SO,, HCl, HBr, and such), formed as 
products of combustion, are able to condense on the 
ring surfaces at low temperatures causing corrosion 


Table 2—Little Advantage for Lubricant Additives 
under Highway Driving Conditions 
(50 to 55 mph) 


Lubricant Relative Wear rate 


Base oil 100 
Commercial 10W-30 oil 85 


BASE OIL 

BASE OIL + V.!. IMPROVER 
BASE OlL + ANTI-WEAR AGENT 
BASE OIL + DET.—INH. 


COMMERCIAL 1OW—30 OIL 


50 100 150 200 
RELATIVE WEAR RATE 
Fig. 2—Detergent inhibitor reduces startup wear. 


COMMERCIAL 
1Ow— 30 OIL 


BASE OIL 


BASE OiL + 
METAL SALT 


BASE OIL + AMINE 


BASE Ol. + ESTER 


BASE OIL + 
PHOSPHATE 


50 100 150 200 250 
RELATIVE WEAR RATE 


Fig. 3—Some rust preventives reduce startup wear. 


which ultimately results in loss of metal or wear. 
In this connection, it is of interest to note that the 
jacket temperature at the inflection point of the 
curve in Fig. 1 approximates the dew point of the 
combustion gases which is in the range of 130 to 
135 F. 

To test the postulate of chemical attack, a num- 
ber of fuels were used in the engine under condi- 
tions of continuous idle, where the individual fuels 
could be burned in sequence without any engine 
shutdowns. The work was performed at a con- 
trolled low jacket temperature (70 F), using as fuel 
iso-octane both alone and containing sulfur, tel, 
and lead scavengers. Concentrations were chosen 
to approximate the amounts encountered in typical 
gasolines. The data obtained are shown in Table 1. 
On the basis of these results, low temperature ring 
wear appears to result from attack in the ring area 
by corrosive materials formed as products of fuel 
combustion. 


Conventional Detergent-Inhibitor 
Additives Reduce Start-Up Wear 


The additives normally used in compounding a 
representative SAE 10W-30 motor oil were evaluated 
separately for their effects on ring wear. These ad- 
ditives included a detergent-inhibitor, V.I. improver, 
and zinc dialkyldithiophosphate which is used both 
to reduce valve train wear and as an inhibitor for 
oxidation and bearing corrosion. 

Fig. 2 shows that the detergent-inhibitor was the 
only additive that had any effect on start-up wear 
at low temperature. The presence of the V.I. im- 
prover or the zinc dialkyldithiophosphate had no 
effect on the amount of ring wear obtained. 

The failure of zinc dialkyldithiophosphate to re- 
duce wear under low-temperature operating condi- 
tions is in contrast with some other studies on piston 
ring wear and with results obtained in valve-lifter 
wear studies where this same additive has proven 
very effective in reducing wear. Apparently, the 
mechanism of piston-ring wear at low temperatures 
is quite different from the mechanism operating at 
the higher temperatures studied by others and also 
different from that operating between valve lifters 
and the cam lobes. 

Further evidence of this latter difference is illus- 
trated by autoradiographs of the camshaft from an 
engine used for valve-lifter wear studies which 
showed metal transfer from the radioactive valve 
lifters to the nonradioactive cams. On the other 
hand, no transfer from the radioactive piston rings 
to the cylinder wall was found in our test car. This 
implies that friction or scuffing is much more im- 
portant in valve-lifter wear, a fact that probably 
accounts for the effectiveness of the zinc dialkyl- 
dithiophosphate additive in this service. 

The reason for the effectiveness of the detergent- 
inhibitor is not understood completely. Because of 
its polar nature, it may adsorb on the metal surfaces 
and provide a stronger protective coating than the 
base oil itself. It is well known that materials of 
this type are capable of preventing rust formation, 
at least under certain conditions. Acid neutralizing 
power alone is probably not sufficient to provide pro- 
tection, based on results obtained by injecting an 
acid neutralizing material, ammonia, into the cyl- 
inders on shutdown. 
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It was found that ammonia injection, in combina- 
tion with the use of oil containing detergent inhib- 
itor, reduced the wear some 40% below the deter- 
gent oil alone. However, in the absence of any de- 
tergent-inhibitor in the oil, ammonia addition had 
absolutely no effect on the wear rate. Thus, while 
acid neutralization may play some part in corrosive 
wear reduction, some other property of the deter- 
gent-inhibitor, perhaps film formation, appears to 
be controlling. 


Conventional Additives Show Small 
Advantage Under Highway Operation 


Wear rates obtained under highway operation 
(steady 50-55 mph driving) are much lower than for 
startups at low jacket temperature. The amount 
of iron worn off the rings in one engine start at 70 F 
jacket temperature was found to be approximately 
equivalent to the amount worn off in 10 miles of 
highway driving. Data have been published which 
imply that a large part of the wear associated with 
this type of operation must be due to abrasives, and 
only a small amount due to friction wear. This may 
explain why only a small and perhaps insignificant 
benefit was found for the presence of conventional 
additives under highway driving conditions as shown 
in Table 2. 

If most of the wear occuring at the higher jacket 
temperatures is indeed due to abrasives in the oil, it 
is difficult to see how much reduction can be ob- 
tained from improvements in lubricants. More effi- 
cient filters, combined with frequent oil changes, 
have the best chance of minimizing abrasive wear. 

It should be emphasized that the detergent inhib- 
itor contained in the 10W-30 oil referred to in Table 
2 is effective in reducing wear under the operating 
conditions where the wear rate is greatest, namely 
at conditions of low jacket temperature. 


Some Rust Preventives Reduce Startup Wear 


A number of conventional materials known to in- 
hibit rust formation under various conditions were 
tested for their effects in controlling startup wear. 
These materials can be classified into four main 
types: 

1. A metal salt of an oxidized petroleum fraction 

2. An amine 

3. An ester 

4. A phosphate 


Fig. 3 shows that the metal salt and the amine 
were as effective as the detergent-inhibitor in their 
ability to reduce start-up wear. On the other hand, 
the ester and the phosphate were not only ineffec- 
tive, but actually detrimental in the ring wear test. 

A phosphate very similar to the one tested here 
was found very effective in reducing valve train 
wear. This is another indication that completely 
different mechanisms are involved in low-tempera- 
ture piston-ring wear and valve-train wear. The 
effective materials probably act by the same mech- 
anism as the detergent-inhibitor, most likely by ad- 
cone on the metal surface to provide a protec- 
tive i 
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Mid-air crashes can be stopped 


if airplanes use 


Cooperative Collision Detection 


Why use a 
Cooperative - Collision - Avoidance 


System 


e Greater range because only one-way signal 
transmission needed. 


e Cheaper, lighter, and smaller. 


e Shorter range required because both planes 
turn, 


e Only forward approaching aircraft must be de- 
tected. Overtaking planes execute the colli- 
sion-prevention maneuver. 


e Simple computing requirements. 


e Slow (private) planes need only a small portion 
of the complete system. 


e Useful in traffic control at airports. 


Based on paper by 


Y. J. Liu and J. O. Campbell 


Aerosystronics Corp 


COLLISION-avoidance system (CAS) designed by 

Aerosystronics warns of danger when the rela- 
tive velocity vector of two aircraft and their line-of- 
sight direction are coincident. An avoidance turn 
is made by one or both aircraft after altitude, speed, 
and heading information is computed from signals 
transmitted by both planes. The turn may be man- 
ual or automatic. 


CAS Broadcasts Flight Information 


Each airplane broadcasts coded information on 
its altitude, speed, and heading at a fixed repetition 
rate. This information is gathered from the plane’s 
pressure altimeter, pitot tube, and compass. An ap- 
proaching plane picks up the signal with a dipole 
and a direction finding antenna. The first antenna 
is used to compute the relative velocity vector and 
the second to fix the line-of-sight direction. 

The block diagram shows that the altitude infor- 
mation is first compared at the decoder. If the 
planes aren’t at the same level the rest.of the signal 
is blocked. However, if altitudes match the speed 
and heading of the two planes are compared to give 
a relative velocity vector. At the same time the 
direction finder is actuated to give a line-of-sight 
reading. Coincidence of the two means aural and 
visual warning and appropriate turning commands. 

Sorting of signals is handled by gating circuits in 
the following sequence: 


1. If altitudes match, a gating pulse allows the 
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Block diagram of transmission, detection, computation, and action taken by a cooperative collision 


avoidance system. 


rest of the signal to pass to the computer and starts 
the direction finder. 

2. The receiver is locked to prevent signals from 
a third or fourth aircraft from entering the circuit. 

3. The receiver is opened at precisely the time the 
next signal is expected from the first airplane. This 
is possiblé as all planes transmit at the same repeti- 
tion rate. 

4. When a comparison is finished, an antiblank- 
ing signal opens the receiver again so information 
from other aircraft can be examined. 

5. Finally, a disabling signal forces a constant 
tracking of any signal that shows a collision possi- 
bility until a corrective maneuver is made. 


Partial Versus Full Cooperation 


CAS can work if both planes transmit but only one 
has a computer to make.a course correction. This 
combination might be found with a commercial air- 
liner and a private plane. In this case the accuracy 
or performance of the system must be improved. 

Two fully equipped planes can detect effectively 
at rates-of-climb of 2400 fpm and heading errors 
of 9 deg under expected operating conditions. If 
only one plane is turning the rate of permissible 
climb is divided by two, the heading error must be 
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cut in half, and the detection distance must be mul- 
tiplied by two. Even so, this would permit safe op- 
erations with less expense to the small or private 
plane operator. Military craft might use this solu- 
tion because of space limitations. 


Bonus Benefits 


The CAS constantly transmitted information can 
be used for enroute flight control and terminal flight 
direction. In the first case the altitude, speed, and 
heading information is picked up by a ground-based 
fan-beam receiving antenna. Strategically placed 
listening stations couid keep track of all flights over 
the continent. Terminal operations centers could 
have a fan-beam antenna that would be triggered 
by the CAS. The antenna position would give the 
bearing and the elapsed time between interrogation 
and reply will give the distance to the airplane. 
This, combined with the CAS transmitted informa- 
tion, would give complete flight information without 
the radio voice transmission now used. 

Drag is minimized because a simple dipole an- 
tenna, imbedded in the dorsal stabilizing fin, is the 
only external component needed. The direction 
finder can be located in the pilot’s cabin. 


pi a a on 43B. 
. on which this article is based, turn to page 5. 





Abridgment of an 


SAE Metropolitan Section Paper 


Airframe Managements Face 


Shrinking Markets and 


Tough Competition 


Excerpts from paper by 


Edward Stone 


chief economist, The Martin Co 


ODAY, managements of airframe manufacturing 

companies are confronted with the serious prob- 
lem of a shrinking market for their old reliable, the 
aircraft, and increasing outside competition for the 
rival which is displacing the aircraft to such a great 
extent. 

Coupled with this is the problem of personnel— 
fewer production workers with lesser skills, and a 
change in the engineering talents required to carry 
on missile development and production. The aero- 
dynamicist is giving way to the electronics engineer, 
and these are in short supply. The industry faces a 
considerable upheaval and one which cannot be 
taken by slow steps. Already, airframe manufac- 
turers have felt the repercussions of the changed 
requirements of their customer, the Air Force, and 
the pressure of the competition provided by non- 
airframe manufacturers for the most important 
part, dollar-wise, of the missile. 

For aircraft there were many types for special 
purposes and more and more money was spent for 
quantities of these. But the missile program, de- 
spite the recent hysteria, will not mean production 
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runs of the same quantities (at least in money 
terms) as were common for aircraft, except in a few 
limited cases. 


More Dollars for Missiles 


As engineers, you know the aircraft market has 
been shrinking for some time and the missile market 
has been growing at its expense. Back in 1951 when 
the military was spending $2.4 billion on aircraft, 
only $21 million was being spent for missiles. By 
1954, expenditures for aircraft had risen to $8.3 bil- 
lion and the amount spent on missiles had increased 
from 0.9% of the total spent on aircraft and mis- 
siles to 5.7% and equalled $504 million. The fiscal 
1957 figures show that out of a total of about $10 
billion, $8.0 billion was spent for aircraft and $2.1 
billion, or 20%, for missiles. The 1958 figures indi- 
cate that about $9.7 billion will be spent on those 
two items with missiles coming up to 26%, equal to 
$2.5 billion. It is anticipated that by 1960 equal 
sums of procurement money will be spent on missiles 
and on aircraft. By 1967, the missile business will 
be humming along to the tune of about $5.0 billion 
of Defense Department expenditures versus about 
$4.0 billion for aircraft. That’s some change! 

This means that a lot of facilities designed for and 
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The problems confronting air- 
frame industry managements can 
be summed up as: 


1. The accelerated obsolescence rate of air- 
craft. 


2. The growing market for missiles at the ex- 
pense, primarily, of aircraft. 


3. The growing “outside” competition for the 
missile market via the electronics manufacturer, 
reflecting the increasing relative importance of 
electronics to the overall cost of the missile. 


4. The excess capacity in airframe facilities 
which has developed. 


5. The declining production runs for aircraft 
not fully compensated for, dollar-wise, by most 
missile production activity. 


6. The declining market for aircraft engines 
not compensated for, dollar-wise, by missile en- 
gines and the new competition in this area also. 

7. The changed technical requirements and 


# 


used for the production of aircraft will represent 
excess capacity. Indeed, there’s plenty of that al- 
ready. The aircraft industry cannot afford to delude 
itself with the thought that the Defense Department 
will pay for the maintenance of this excess capacity 
on a standby basis. It has already served notice 
that it won’t do so. 

But, in addition to excess facilities, the decline 
in aircraft production has meant excess manpower 
in the plant and even excess engineering manpower. 
Follow-on aircraft will be of fewer types, and the 
quantities produced will be much smaller. Fewer 
new aircraft development programs will be started, 
and the aircraft production runs will be smaller. 

Aircraft manufacturers, confronted with mount- 
ing costs in the face of declining demands for air- 
craft, have had to slash payrolls. In the usual in- 
stance, they have been unable to transfer the excess 
aircraft technical and production workers to guided 
missile programs. This has been because, in many 
cases, they have not been prepared for missile work 
and, in others, where they have been fortunate 
enough to be thus forearmed, and actually have 
missile contracts, these are relatively small and 
could not absorb all of the displaced personnel even 
if it possessed the skills required. 
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the consequently different professional skills re- 
quired with the problem of where to obtain the 
new skills and what to do with the displaced pro- 
fessional people as well as displaced highly- 
skilled production workers. 


8. The cost consciousness of the general = 
lic and the mounting cost consciousness of the 
Defense Department leading to pressures for 
greater efficiency by the eoeeee and changes in 
some of the ne in which aircraft manufacturers 
have traditionally carried on their activities. 


9. The probability of Defense Department 
spending for aircraft and missiles not keeping 
pace with the increase in gross national product, 
which over the next 10 years will grow by 50%. 
Aircraft and missile spending would have to in- 
crease by $4.5 billion to keep up, and this is not 
likely. So, some companies will suffer at the 
expense of those which grow. 


10. This poses then to management the im- 
mediate questions of how to protect the com- 
pany and its stockholders; how to protect their 
employees; how to remain competitive; and how 
to foresee the new technology which will affect 
their future, also. 
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Consequently, management today in this industry 
is confronted with excess manpower, excess facili- 
ties, and a knowledge that missile production, in 
most instances, will probably not be in the rela- 
tively large quantities on which management has 
based its aircraft production estimates and sched- 
ules. 


Costlier Electronics, Less Airframe 


During World War II, many companies entered 
the electronics field, producing such electronic 
equipment as computers, instruments, and fire con- 
trol systems. Since World War II, other electronic 
companies have sprung into existence and have also 
been supplying the Defense Department with elec- 
tronic products. Today, it is estimated that the 
electronic equipment in aircraft accounts for about 
25% of the overall price of the plane and in the case 
of guided missiles, accounts for 30%; while, if the 
electro-mechanical equipment is added, it accounts 
for about 55% of the entire cost of the missile. In 
contrast, the frame for the missile accounts for only 
about 20%, whereas in the case of planes, it ac- 
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Airframe Managements Face 
Shrinking Markets and 
Tough Competition 


continued 


counts for about 70% of the procurement figure. 

Also, it is estimated that the electronics portion 
will grow to about 40% and the electro-mechanical 
to 30% or a combined total of about 70% of the 
entire cost of the more complex missiles. The air- 
frame will come out as second-best; its share will 
be 12144% of the total cost of the bird. Small wonder 
then that airframe manufacturers are looking 
seriously and anxiously into the possibility of their- 
selves producing the electronic systems and com- 
ponents required for the missiles. 

So today the airframe manufacturers are not only 
confronted with a shrinking demand for their cus- 
tomary product, the airplane, but they find that 
their traditional activity of designing and producing 
airframes, when applied to guided missiles, will rep- 
resent but a minor part of the missile from the 
standpoint of cost, reflecting the engineering and 
production work as well as material required. Fur- 
ther, they find that competition for this blossoming 
substitute for their old main product, the aircraft, 
is no longer confined to just themselves. “Outsiders” 
have crept in through the back door by providing 
electronic products and electronic systems. In 
many instances, the airframe manufacturers find 
that these outsiders are actually getting the lion’s 
share of the present missile activity from the stand- 
point of the relationship of what they supply to the 
total cost of the missile. 

Similarly, the traditional manufacturers of air- 
craft engines are confronted with shrinking mar- 
kets. With missiles, the engine will represent a 
smaller proportion of the cost of the bird. Power- 
plant procurement will decline from the present 
$1.5 billion per year to about $1 billion per year, the 
estimates are. Here also, new competition can be 
anticipated. 

Airframe companies which already are fortu- 
nately in the missile business also face problems. 
A serious one is that of seeing the major part of the 
missile market, as represented by the electronic 
and electro-mechanical fields, going to concerns 
“outside” of the traditional aircraft industry so that 
the aircraft industry is left with but a small part 
of what the missile business really represents in 
terms of activities, sales, profits, and opportunity 
to grow. Hence, these manufacturers must make 
a determination as to whether they shall branch out 
into the electronics area. This, of course, calls for 
a careful review of their abilities to develop the nec- 
essary skills within a practical time span, for the 
competition is keen and those who become en- 
trenched within the next few years will have the 
business. It will be difficult to dislodge them be- 
cause of the experience they will have gained and 


because of the good reputations they presumably 
will have earned. 

The aircraft manufacturer not now in the missile 
business faces the question of how to get into it. 
If he doesn’t, what’s his alternative? That is, of 
course, if he is not currently successful in producing 
planes with his full capacity and getting additional 
orders for new planes. Here also, time is of the 
essence. 

So, managements already in the missile business 
as well as those not in the missile business will be 
considering seriously whether they should not at- 
tempt to broaden their base of activities by utiliz- 
ing their knowledge and their existing skills in the 
production of other defense items where these skills 
can be and are important. But, witn time hounding 
them, managements might have tc decide that there 
is just not enough time to build from “scratch” and 
thus they might be seeking companies already es- 
tablished in a given field, and by purchasing them, 
use them as the new foundation stone upon which 
to build. 


Merge or Go It Alone? 


With the growing competition already alluded to, 
management of some companies will have to make 
a serious decision as to whether it would be more 
advisable for them to seek a merger with a stronger 
company rather than to go it alone. A period of 
increasing, intensive competition brings about an 
“urge to merge” era. Some of this will doubtless 
be seen in this industry as managements seek to 
strengthen the position of their own stockholders 
and to assure continued employment for their skilled 
and loyal workers by assuring themselves of a share 
of the market. 

Broadening the base of their defense activities 
through entering into the manufacture of defense 
products which they had not been heretofore pro- 
ducing, or merging with a company producing such 
different products, is one way of providing diversi- 
fication—and an important one. 

Managements also, however, will be mulling over 
the problem of whether they should remain solely in 
the business of producing for the Defense Depart- 


‘ment or whether they should broaden their base by 


diversifying into non-defense items, using again for 
this purpose the experience and training of their 
personnel. Some companies which are producing 
planes for both the military and commercial mar- 
kets have this type of diversification, but this is all 
related to one particular product. Some manage- 
ments which cannot adapt their military line for 
the commercial market, will be considering whether 
they should enter the commercial market through 
the production of other items. 

Their skills and experience could be used for some 
non-defense goods even though they are entirely 
different from military hardware. In this case, 
careful consideration must be given to such factors 
as the differences in the markets and the consequent 
sales effort and distribution mechanism required, 
and above all, the fact that even more cost control 
is required to be successful in the commercial 
market than in the military market. 


To Order Paper No. $49... 
...on which this article is based, turn to page 5. 
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Between sessions, engineers studied new products and services on view in Meeting’s Aircraft Engineering Display. 


Aeronautic Meeting Considers 


Missiles, Mach 3 Transports 


HE SAE National Aeronautic Meeting, April 8-11 at the 

Hotel Commodore in New York, left no doubt that the 
Society is becoming well established in the new technologies 
of missiles, space vehicles, and supersonic transports. 

Although registration was down 15% from the similar 
Meeting a year ago, preprint sales were up 30%. The 
papers that accounted for the increase were mainly those 
on boron fuels, the ion rocket engine, liquid versus solid 
propellants, and powerplants for supersonic transports. 
Even at $4 per plate, the luncheon at which C. L. “Kelly” 
Johnson, vice-president for engineering of Lockheed, spoke 
on “A Current View of the Status of the Supersonic Jet 
Transport” sold out. 

Correspondingly, problems of producing missiles and 
other hypersonic aircraft cropped up often in the six Pro- 


V. |. Weihe (extreme right), who was chairman of the Air 
Traffic Control session, amuses session participants with 
a joke just before the session begins. 
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duction Forum panels arranged by a committee under the 
leadership of Forum Sponsor Mundy I. Peale, president of 
Republic Aviation, and Kermit Wasmuth,. Republic’s direc- 
tor of quality control. 

Programs for the 15 technical sessions were planned by 
a 54-man committee headed by General Chairman G. N. 
Cole, chief of engine design at Pratt & Whitney Aircraft. 

Others responsible for arrangements for the Meeting 
included M. G. Beard, dinner-dance; W. Thomas Stark 
and Frank B. Lary, attendance promotion; Ivan Sherman, 
publicity; R. N. Durham, reception; and Charles Froesch, 
Aircraft Engineering Display. 

During the Meeting, the SAE Council, the Planning for 
Progress Committee, several SAE technical committees, 
and the three aeronautic Activity Committees met. 


Part of panel on “Company-Wide 
ments in Productivity,” one of six all- 
panels at the Meeting. At right, E. D. 


roach to Improve- 
Production Forum 
ibson. 





SAE National Aeronautic Meeting — continued 


Kermit F. Wasmuth and Mundy |. Peale, Production Forum chairman and spon- Big engine in Aircraft Engineering 
sor, respectively, tackling their corn flakes at Forum’s kickoff breakfast. Display and two of its intent view- 


ers. 


Malcolm A. Macintyre, center, Undersecretary of the Air Force, spoke on “Procurement 
Trends” at the Tuesday luncheon. Afterwards he was interviewed by many of the 34 mem- 
bers of the daily and trade press who covered the Meeting for their publications. 


Eugene Manganiello of NACA and 
Joseph Gilbert, assistant general 
manager of SAE, interrupt chat on 
Planning for Progress to pose. 
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Session Secretary Mario A. Pesando of Avro, Session Chairman William W. 
Thomas of Vertol, and speaker R. S. Ross of Goodyear Aircraft at Meeting’s open- 
ing session on VTOL and STOL Developments. Ross described a proposed air- 
craft having a rotor for propulsion and hovering buried in its thick, louvered wing. 
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Ideas garnered at the Meeting’s 


Aeronautic Production Forum 
Tuesday and Wednesday, April 8 and 9 


quality control appears to hinge on bet- 
IMPROVED ter use of accumulated “defect” data. 
An answer is being sought in the effective application of 
data processing equipment. 

Another approach to better quality control is the cur- 
rent trend to placing the quality control representative 
on the company “team.” This is expected to aid in the 
timely, economical delivery of an acceptable product. The 
team approach, in itself, is gaining wide acceptance as 
an improved method of securing economical introduction 
of new products into manufacture. 

Some companies now require that quality control costs 
be charged against a specific order or program. This 
includes the costs for such items as labor, supervision, 
gages, and handling equipment. 


MANAGEMENT must have the ability to deter- 


mine whether to “make” or “buy.” 
The decision to make a new part or product often involves 
a large initial investment since material and equipment 
must be purchased, storage space provided, and additional 
labor supplied. 

When a company decides to buy they take advantage 
of the research and development experience accumulated 
by a vendor over a number of years. This is often a costly 
and time-consuming process. If management decides to 
make the product research and development costs have 
to be incorporated into the budget. 


NEW development programs must be organized from 

the outset under single leadership for a coordi- 
nated effort which allows effecting the compromises 
necessary to productize a research and development effort 
within a reasonable time and within practical dollar limi- 
tations. The success of the program will depend on the 
degree of coordination between engineering, manufactur- 
ing, and quality control. 


BAD ATTITUDES "< uP. enerey that could be 


devoted to production. To im- 
prove productivity, therefore, a climate must be created in 
the plant which is conducive to good attitudes. 

Accident rates, grievances, absence rates, turnover, and 
the like will give some indication of the attitudes exist- 
ing in the plant. Where possible, management should 
keep close to employees to notice what attitudes exist. 

The main objective, however, is to continually improve 
attitudes and thereby increase production. Aids to this 
end include: 


1. Making sure the employee feels he is doing a needed 
job. 
2. Making sure he understands the operations associ- 
ated with the job. 
. Showing him that his work ties in with the work of 
others. 
. Making sure the job carries self-respect. 
. Making sure the work offers some challenge to the 
man’s abilities. 


NUMERIC AL control appears to be most adaptable 

to fabrication machines used for short 
research and development type runs demanding high 
versatility and accuracy. 

As an example of accuracy of numerical control, con- 
sider a certain aircraft part which weighs 900 Ib. Because 
of material and fabrication tolerances there was an ob- 
served variation of up to 90 lb on the part using conven- 
tional manufacturing processes. By using numerically 
controlled machines, it was possible to keep maximum 
weight variation to about 10 lb. Many companies are 
incorporating additional information on engineering 
drawings to permit fabrication with numerically controlled 
machines. An MIT study suggests eventual elimination 
of drawings with replacement by reference process tapes 
and perhaps a rough sketch for use with numerically con- 
trolled machines. 


HIGH COST of new machines and the long deliv- 


ery times associated with these ma- 
chines is leading to greater improvisation of present plant 
equipment. 

In one job shop only 10% of original equipment is in 
the “as bought” condition. The other 90% has been 
changed in every possible manner so as to be adaptable 
to specific jobs. Often, a little more elaborate tooling 
eliminates the need for a new machine. 

Where time is not a problem, new machines may pro- 
vide a definite economic advantage. Whether this will 
be so or not has to be determined by economic studies of 
old versus new machines. One company representative 
revealed that a machine they bought for $70,000 will pay 
for itself in about 5 months. 


MISSILE EXPENDITURES ‘2, #e, {0 $28 bu- 


curement of manned aircraft will decline to less than $2 
billion in the same period, said Malcolm A. MacIntyre, 
Undersecretary of the Air Force. 

“Industries now considered as secondary sources of air- 
power hardware may become the primary manufacturers. 
In other words, industries now specializing in electronics 
and propulsion may become our prime contractors.” 

MacIntyre advocated devoting considerable effort to 
the development of vastly improved propulsion systems 
and says that “interesting possibilities are ion, photon, 
fission, fusion, and solar energy sources.” The future will 
be “an era of severe transition” where it will be necessary 
for industry and the Air Force, working together to 
move in three avenues at once. 

“First, we must maintain our current high level of de- 
terrent airpower. Second, we must compress the design- 
to-inventory cycle of hardware production so that our 
deterrent capability can be successfully projected into 
the immediate future. Third, we must exert maximum 
energy to penetrate the barriers to long-range space op- 
erations.” 


Secretaries’ reports of these panels wil! be available in full in multilith form as SP-323. 
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Capsule reports of all 15 technical sessions and 2 luncheons 


—Tuesday —_____________ 
VTOL and STOL- Fully shrouded rotors and 


boundary-layer control are two 
ways of achieving short landing distance while maintain- 
ing high-speed performance. 

A lightly loaded, large rotor proves to be near helicopter 
efficiency in hovering. Changing the airflow direction 
rather than rotating the engine or aircraft is a configura- 
tion proposed for a buried rotor convertiplane. (Paper 
3TA) 

At the other extreme, Mach 1 plus jets can use engine- 
blown boundary-layer control to cut take-off distances 
up to 25%. (Paper 37B) 

Helicopter engineers continue to push forward on main- 
tenance and operating problems. Improved design, per- 
sonnel training, parts distribution, facility organization, 
and service tools are keys to improvement. (Paper 37C) 


: ° — If air traffic control per- 
Jet Transport Piloting Fite optimam range 


can be achieved by flying a cruise-climb flight path. The 
pilot should stabilize at a constant Mach number and 
allow the aircraft to climb slowly as the weight decreases. 
(Papers 38A and 38B) 

With a new take-off indicator, as the plane moves down 
the runway, the pilot need only observe the relative posi- 
tions of the take-off marker and the indicated airspeed 
pointer. So long as the indicated airspeed pointer is 
ahead of the take-off marker, all is well. If the take-off 
marker at any time during the run catches up to the air- 
speed pointer, the take-off should be aborted. (Paper 38C) 


Very-High-Speed Flight — Te reduction in 


stagnation temperature 
beginning at speeds of 7000 fps due to dissociation tends 
to be offset by the effective increase in specific heat com- 
bined with its influence on Prandtl number. Therefore 
aerodynamic heating rates occurring on a body flying at 
these speeds are about as high as those calculated using 
the undissociated stagnation temperature. (Paper 39A) 

At great altitudes cabin pressurization becomes very 
difficult both because of power required and because of 
the air temperatures. At 70,000 ft compressor exit tem- 
perature would be 700 F. The sealed cabin seems the only 
answer. (Paper 39B) 

In a gas at elevated temperatures, such as occur behind 
the bow shock of a high hypersonic missile, there is a 
coupling between the electrical properties of the fluid and 
its mechanics. “Magnetohydrodynamics” deals with the 
resulting equations for the magnetic, electric, and veloc- 
ity fields. (Paper 39C) 


‘ . —Simple, light- 
Navigational Instruments weight toanunir’ ae 


tems are available for providing continuous ground speed 
components to the navigation computer. (Paper 40A) 

In new integrated Air Force flight instruments, all navi- 
gation information is centered horizontally in a tablelike 
manner before the pilot. It’s as if he were looking down- 
ward at the terrain through an opening in the table top, 
viewing his own plane from-above. (Paper 40B) 

In the near future, windshields can be replaced by an 
orientation display on a cathode ray tube. The Army- 
Navy Instrumentation Program has developed such a tube, 
and it is being flight tested. (Paper 40C) 








+ .--____________Wednesday 


New Sources of Propulsion Energy— 


Boron-carbon-hydrogen fuels may make possible missions 
that couldn’t be accomplished with other fuels. But the 
boron fuels are costly — perhaps $0.65 to $1.00 per Ib in- 
stead of the $0.04 per lb for hydrocarbons. (Paper 41A) 

Boron hydrides will be more difficult to use than hydro- 
carbon fuels because of toxicity, thermal decomposition, 
flammability, and sensitivity to water. Their high flame 
speeds and wide flammability limits should aid combus- 
tion in engines, however. (Paper 41B) 

It might be possible to keep a very light ramjet orbiting 
indefinitely at an altitude of 60 miles or more, using the 
atomic oxygen existing naturally there as a result of the 
sun’s ultraviolet radiation. The ramjet would recombine 
the atomic oxygen into molecules, releasing its energy 
and heating the gas stream. The increased pressure and 
velocity of the gas issuing from the rear of the duct 
would thrust it forward. Recombination might be ac- 
complished catalytically or by compression. (Paper 41C) 

An ion rocket engine in which the propelling ions are 
accelerated by an electrostatic field would have the capa- 
bility of producing usable thrust levels and might supple- 
ment chemical and nuclear rocket engines for space ve- 
hicles. Major problems in the development of the ion 
rocket engine will be the ion thrust chamber, the propel- 
lants, and design of a high specific power generator. 
(Paper 41D) 


i — Giving “A Current View 
Supersonic Transports — Sivige A Current View 


sonic Jet Transport,” C. L. Johnson proposed a Mach 3 
airliner that would fly coast to coast in an hour and 20 
minutes—or from New York to Paris in two hours. 
“There’s no sense in being a little bit supersonic. Let’s 
go!” he urged. 

His proposed airliner would use an afterburner for an 
extra burst of power at altitudes above 50,000 ft to ac- 
celerate up to cruising speed. But to avoid noise over 
cities, it would not use the afterburner for take-off and 
climb. 

The Mach 3 transport will be long and sharp and weigh 
about 450,000 lb. It will fly as high as 80,000 ft, but its 
wing loading will be only 40-50 Ib per sq ft. Range will 
be 3500 miles at 2000 mph. If the airlines could afford 
the plane, and the political situation warranted, the Mach 
3 airliner could go into service in 1965 or 1966. 


— Development of a cast- 
Advanced Powerplants (oe emer solid ores 


pellants now makes it possible to construct large solid 
rocket engines. Over the next 10 or 12 years, it looks as 
if solid rockets may be used for IRBM’s, ICBM’s, ICGM’s, 
air-to-air and air-to-ground rocket weapons, and vernier 
rockets for space flight. Liquid-propellant rockets will 
excel in specialized missile applications requiring high 
performance or extremely large sizes, satellite propulsion 
systems, and space flight systems. (Paper 42A) 

Turbojets for supersonic transports will require turbine 
inlet temperatures of 2000-2200 F for take-off. Design 
compressor ratios will be in the vicinity of 8 to 12, with 
the lower values being more desirable at the higher flight 
speeds. The higher jet velocities and the greater airflow 
will boost noise levels. (Paper 42B) 


Papers on which these capsules are based are available in full 
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‘ — In a new Navy carrier-land- 
Air Traffic Control ing system, air traffic control 


is provided for as many as 100 aircraft at ranges up to 
200 miles and at altitudes up to 80,000 ft. The planes 
are controlled to a gate 8 miles aft of the carrier and at 
an altitude of about 500 ft. At the gate, each aircraft is 
assigned to a moving block of airspace. These blocks 
move toward the carrier single file as on an endless 
conveyor belt. In case of a wave-off, the plane returns 
to a point where it can be fitted in for a second try. Once 
the plane is in the precision landing phase, it is controlled 
automatically to the carrier deck. (Paper 43A) 

A cooperative collision-avoidance system has been de- 
veloped having sufficient detection range to prevent the 
collision of two piloted aircraft operating at any conceiv- 
ably possible speed. (Paper 43B) 

Pe . — Assembly line tech- 
Missile Manufacturing Se ee ae ee 
oped to increase the output and reduce the cost of missiles. 

Techniques of economical mass production and devel- 
opmental manufacturing are being combined. Because of 
the speed of progress being made, however, it is not yet 
possible to use automated production methods. 

By organizing teams of personnel from engineering, 
tooling, manufacturing, and quality control departments, 
it is possible to break a missile down into its components 
— structure and electronics — and so to expedite produc- 
tion. (Papers 44A, 44B, 44C, and 44D) 


ss — SAE’s standardization efforts 
SAE and Missiles have led not only to reduced 


costs and complexity, but to improved reliability of our 
weapons, said William M. Holaday, Director of Guided 
Missiles, Department of Defense. “I am particularly 
pleased to see the SAE broaden its scope of activity to in- 
clude missiles engineering,” he concluded. “Its technical 
meetings and committee work may have even more sig- 
nificance here than in the aeronautic and automotive 
fields. SAE’s work has always been good .. . and I wish 
SAE engineers increasing success in the future.” 


: — The TJ38 commercial jet engine 
Current Engines uses a relatively low turbine inlet 
temperature. It is 1340 F for 12,500 lb thrust on a stand- 
ard day at a specific fuel consumption of 0.718 lb hr-lb. 
At normal cruise, temperature is 1050 F, thrust is 3000 lb, 
and sfc is 0.880 lb per hr-lb. (Paper 45A) 

Performance of a turbine engine deteriorates as dirt 
accumulates on compressor blading. When power of the 
Model 501 turboprop drops 5% below specfiication, Allison 
recommends that the compressor be cleaned by injecting 
ground walnut hulls into the engine inlet. (Paper 45B) 

A magnetic-drum-type computer provides the process- 
ing paperwork and maintains perpetual status records 
for GE’s entire turbojet spare parts activity. (Paper 45C) 


Materials for High Speeds = heeded imma: 


which can withstand aircraft and missile outer skin tem- 
peratures approximating 2000 F for one to 100 hr. Ceram- 
ics, necessary for electronic applications at elevated tem- 
peratures, have many desirable mechanical and thermal 
properties. 

No one ceramic coating possesses all the desirable prop- 
erties however. Each application must be carefully stud- 
ied and evaluated in the design stage to select the most 
effective ceramic. (Papers 46A, 46B, and 46C) 


NG eee aah 


: . — Besides the 
Turbine Fuels and Lubricants —Sesiect | tos 
properties, turbine engines require control of two more: 
(1) thermal stability, which characterizes the fuel’s ability 
to undergo high temperatures without forming deposits, 
and (2) burning characteristics, which relate to the fuel’s 
ability to release its energy in a way that will not abuse 
surrounding engine parts. (Paper 47A) 

For lubricants, the Air Force foresees service tempera- 
tures of 800 F for bearings, 600 F for gears, hot spots at 
1000 F, bulk oil temperatures of 600 F. (Paper 47B) 


er ° — Theturbine 
Missile Engines and Systems cetad ta'abte 


logical powerplant for the cruise missile. It results in a 
lowest gross weight and smallest size. (Paper 48A) 

As missiles become more complex, so does checkout 
equipment. A new guidance system may require checkout 
equipment as complex as the guidance system itself. 
(Paper 48B) 

On some missile complexes, ground equipment is more 
than half of the weapon cost. Test stands, maintenance 
and checkout equipment, and launchers must be as reli- 
able as the missiles themselves. (Paper 48C) 

The fiywheel is the lightest source of auxiliary power 
for missiles where power is needed for only 1-2 min. The 
reciprocating engine is lightest for all longer durations. 
Monopropellant turbines and silver-zinc cells are gener- 
ally competitive on weight. The cells seem worth further 
study, especially for durations of 2-5 min. (Paper 48D) 


—Selection of 
Powerplant Control Systems = *¢ eeeiae 
mode for controlling an aircraft engine requires investi- 
gation of the operation of the engine and weapons system 
at every stage of its use. The analog computer is a most 
useful tool for the job. (Paper 49A) 

At Mach 2 the compression ratio of the induction sys- 
tem is about equal to the compression ratio of an axial 
compressor in a typical high-compression turbojet engine. 
That’s why design of the variable-geometry inlet is so 
vital. (Paper 49B) 

Jet thrust reversers can be simple and reliable if they 
are cut loose from propeller reversing practice. In-flight 
control and modulated response are two main features 
that can be added to the landing-run braking function. 
Independent reverser control is the big difference between 
propeller and in-flight jet thrust reversing. (Paper 49C) 


Airlines Engineering (20 I levine cur fiche 


schedules. It could take detailed account of existing 
traffic and future estimates, cost of moving crew mem- 
bers to other bases, costs of retraining crews to fly new 
aircraft, and other factors too troublesome to include in 
hand calculations — as well as the factors usually con- 
sidered. (Papers 50A and 50B) 

Small errors in instruments can make a big difference 
to jet transports. For example, an increase of 1 C can 
reduce the permissible take-off weight by 0.5%. There- 
fore, a weight penalty of 700 lb can result from a 1 C 
error in the outside air temperature reading to be used 
for take-off. Alternatively, take-off distance would be in- 
creased 150 ft by a1 Cincrease. (Paper 50C) 


in multilith form from SAE headquarters. See order blank on page 5. 
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SAE National Aeronautic Meeting — continued 


C. L. “Kelly” Johnson of Lockheed beginning his talk on “A Current View of W. K. Creson, SAE president, and 
the Status of the Supersonic Jet Transport” at the Wednesday luncheon. G. N. Cole, general chairman of the 


Activity Committee Chairmen and Vice-Chairmen George Haldeman, J. D. Redding, Harrison Holzapfel, R. H. Loughran 


Meeting. 


a 


, 


and C. E. Mines conferring at breakfast on joint interests of the Aircraft, Aircraft Powerplant, and Air Transport Activi- 
ties. Air Transport Activity Chairman Carl Christenson (at right) came to New York but was called away before the 


Meeting began. 


C. F. Newberry, R. W. Young, and R. E. Matzdorff. New- 
berry and Matzdorff, both of Marquardt, received the 
Manly Memorial Award for their paper on inlet control sys- 
tems. Young presented the medals, scrolls, and checks. 


Aircraft Engineering Display occupying Commodore’s main 
ballroom was the scene of many earnest technical conver- 
sations — and an occasional playful toss of the saucer-like 
plastic “frisbees” available from one booth. 
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M. G. “Dan” Beard, chairman of the Sky Ball dinner-dance that brought the Meeting to a gala close on Friday evening 
and eight of the airline stewardesses who distributed boutonnieres and corsages to the guests. Many of the flowers were 
flown from overseas. 


Luncheon speaker William Holaday, Dr. C. E. Barbour, Sr.; James Martin accepting the Laura Taber Barbour Award 
Director of Guided Missiles, Depart- honoring him for developing ejection seats; Frazar B. Wilde, Award chairman; 
ment of Defense, with Arthur Nutt. Admiral J. H. Cassady of Flight Safety Foundation, which administers the Award. 


_ : "ll ial John Lowry of NACA Langley Lab, 

member of Air Transport Activity 

At Wings Club: Hugh Harvey, R. H. Boden, Leslie Neville, Frank Klein, R. J. Committee, summarizing for Com- 

Heaston (hidden), and Mrs. Heaston. Neville and Mrs Heaston got preview of mitteemen their replies to a ques- 

session on New Sources of Energy for Propulsion, in which other guests partici- tionnaire on supersonic transports 
pated next morning. Neville was on his way to a dinner for F.A.|. delegates. of 1975. 
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IMAGINEERING luncheon 
spokesman J. R. Ballinger, 
Emerson Welles, and Ralph 
Cross (left to right) sub- 
mit to applause rating as 
judges check applause 
meter for audience reac- 
tion. 


Imagineering Luncheon 
Highlight of Meeting 


How do you tell the boss he’s wrong? 


If you had attended the ‘‘Surprise’’ Luncheon on April 
Fool’s Day, sponsored by the SAE Production Activity at Chi- 
cago, you'd now know a dozen different ways to tell the boss 
he’s wrong. 


A new idea for member participation at SAE luncheon meet- 
ings, this brainchild of Anderson Ashburn, meetings vice- 
chairman for SAE Production Activity and J. E. Adams, vice- 
president, SAE Production Activity, was undoubtedly the high 
point of the recent 3-day 1958 National Production meeting. 
No details of the luncheon program were given out prior to the 
meeting. 


SAE members and guests attending the luncheon became 
either ‘“Squares,”’ ‘‘Rounds,”’ or ‘‘Rectangles’’— and sat at 
tables of the same shape. Before being served, they were 
asked to look under their plates. A blue ribbon under his 
plate meant that member was chairman for his table. An ac- 
companying card assigned each table a subject for discussion. 
Three subjects were used at Chicago: What Can We Do to 
Improve Employee Productivity? How Can Committee Action 
Be Effective? How Do You Tell the Boss He Is Wrong? 


At each table the subject assigned was discussed during the 
luncheon period. All those seated at the table participated in 
the discussion. Following the general discussion, a spokes- 
man for the table was chosen and the ideas contributed by the 
group were summarized. Spokesman for the “Squares,”’ 
“Rounds,”’ and ‘‘Rectangles’’ then competed in each classifi- 
cation with 2-min talks on the assigned subjects. Wéinners of 
the contest were the Squares. Ralph W. Cross, executive 
vice-president, The Cross Co., as spokesman for the Squares, 
won the top winner award, a new electric toaster. 


The winner was chosen on the basis of readings on an ap- 
plause meter. A novel touch was the use of a real toastmaker 
by the toastmaster, Andy Ashburn. Fresh bread went into the 
toaster when a spokesman commenced to talk. When the 
bread popped out, both the toast and the speaker were done! 
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Production 


Stresses 


ETTER Products at Lower Cost pro- 

vided the theme for the 1958 SAE 
Production Forum, March 31-April 2, 
at Chicago. 

Eight lively morning panel sessions 
covered subjects ranging from new 
techniques in heat-treatment to the 
vital question, Where do we go from 
here with numerical controls? 

Prepared technical papers were pre- 
sented at two afternoon sessions. The 
third day was reserved for plant tours 
to Ford Motor Co.’s Aircraft Engineer- 
ing Division and the Mfg. Research 
Department of International Harvester 
Co, 


Changeover — One Automation 
Problem 


Many interesting engineering devel- 
opments were discussed by the various 
production panels participating in the 
Production Forum. For example, at 
the panel discussion, “Automation in 
Assembly,” it was pointed out that, 
while the “building block” machine 
tool concept has helped in promoting 
flexibility in automatic transfer ma- 
chines, there is still a lot of electrical 
“debugging” required when attempts 
are made to change transfer lines over 
to a new product. Some companies, it 
was reported, are using plug-in type 
electrical components instead of con- 
ventional electrical gear to minimize 
lost production time during a change- 
over. It was also emphasized that the 
more farsighted the planning going 
into automatic equipment, the easier 
will be the changeover — if it comes. 

One point stressed at Chicago was 
the importance of setting up special 
groups which are given specific assign- 
ments to study automation possibili- 
ties. Integration of these groups into 
engineering and manufacturing is an 
important consideration. 

Another problem discussed was the 
question of evaluating and costing au- 
tomation setups. Complex accounting 
is involved in almost any case, it was 
pointed out. Many intangibles have to 
be considered. The problem of allocat- 
ing burden offers no simple solution. 


Coordination Needed Between 
Engineering and Manufacturing 


Particularly in times like these, it 
was emphasized, close coordination be- 
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Meeting 


Cost Reduction 


tween engineering and manufacturing 
is essential. Some degree of coopera- 
tion exists in all plants, it was pointed 
out, and no two situations or systems 
are identical. 

At the Chicago meeting, case exam- 
ples were presented to show how effec- 
tive cooperation between engineering 
and manufacturing can be achieved. 
A prominent producer of industrial 
equipment set up a special committee 
for the purpose. Sales, engineering, 
manufacturing, standards, personnel, 
and cost departments are represented 
on this committee. Final considera- 
tion is assigned to a smaller committee 
in which primarily engineering, pur- 
chasing, and methods departments 
participate. To mention an example, 
this kind of cooperation produced a re- 
duction in weight of 25% and a cost 
saving of 30% on a particular assem- 
bly, it was reported. 

An engine manufacturer told how 
research, engineering, and operations 
departments, as well as quality control 
and purchasing, cooperate in new 
product planning and development. 
There is direct consultation between 
engineering and manufacturing for the 
purpose of facilitating manufacture. 
In this company, production engineer- 
ing serves as a liaison between manu- 
facturing and engineering and also 
handles day-to-day production prob- 
lems, including specifications, toler- 
ances, assembly techniques, and tool- 
ing. 

Another prominent manufacturer 
holds regular monthly meetings at- 
tended by engineering and manufac- 
turing department heads. In this way, 
manufacturing personnel serve as a 
consultant to engineering, and engi- 
neering serves manufacturing in a 
similar capacity. In this setup there 
are also a staff estimating group and 
various cost analysts. 

A large truck producer told how the 
production engineering staff serves as 
a liaison between engineering and man- 
ufacturing. In this instance, produc- 
tion engineering reports to engineering 
rather than to manufacturing. Cost 
estimators assist engineers with pre- 
liminary cost studies. A program 
planning group sets up the testing pro- 
gram, plans releases, and the like. Pro- 
duction engineering takes over in the 
final pilot stages of a new product pro- 
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gram and later turns the program over 
to manufacturing. 


Communications Is Key to 
Cost Control 


The essence of sound cost control is 
good communications, SAE members 
were told at Chicago. The importance 
of separating major areas — direct 
labor, indirect labor, supplies, and tool- 
ing — was underlined. Advice given 
Was: use a team approach, if possible, 
and make sure all members of the or- 
ganization, including foremen, are in- 
formed about budget problems. 

A strong plea was made for studying 
equipment at hand thoroughly for cost 
savings opportunities before purchas- 
ing new facilities. 

An interesting point brought out 
with respect to maintenance programs 
was the observation that if more than 
20% of your maintenance budget is 
being spent for unanticipated repairs, 
you are probably not spending enough 
for preventive maintenance. 

Another suggestion advanved at this 
session was made in repsonse to the 
always present program of longer hours 
versus an additional work shift. A 
panel member reported that an in- 
vestigation by his company showed 
that productivity of the third shift was 
only 40% as high as first shift produc- 
tivity. There are contributing causes, 
of course —inferior workers, more in- 
terruptions, and such. The problem 
would have to be decided, it was sug- 
gested, not only on the basis of produc- 
tivity and quality of the work; com- 
munity practice would also be a factor 
for consideration. 


Carburizing Furnace Draws Praise 


At the heat-treatment session the 
conspicuous virtue of the batch-type 
carburizing furnace — outstanding ver- 
satility— drew warm praise. Conse- 
quently, equipment of this type fits the 
reed for equipment that can be ad- 
justed for rapid changes in volume, 

High-temperature (1900 F) carbur- 
izing came up again this year for con- 
siderable discussion. While there may 
be penalties with respect to grain 
growth and possible grain boundary 
precipitation, the rapid production rate 
—about double the 1700 F rate— 


makes this approach to carburizing in- 
triguing. Of course, temperature and 
time cycles must be closely controlled, 
it was pointed out. 

Another interesting report dealt with 
experimental use of a water quench 
medium to which 0.20% poly-vinyl al- 
cohol had been added. Cooling rate 
of this solution is between oil and 
water. This quench is being used com- 
mercially although it must still be con- 
sidered to be in the experimental cate- 
gory. 


Computers and Numerical Control 
Arouse Interest 


Two up-to-date engineering sub- 
jects — computers and numerical con- 
trols — drew considerable comment at 
the Meeting. 

Computers are being used today for 
a wide diversity of applications. These 
include designing hole spacing for heat 
exchangers as well as pressure vessel 
components, air conditioning systems, 
electric motors, and truck frames. 
Each of these applications may be 
found in a single large-mid-western 
company. 

Other jobs being performed success- 
fully by computers today include: 1. 
labor efficiency control where savings 
up to $50,000 per year were reported 
by one firm, 2. production scheduling, 
3. machine scheduling, 4. deciding 
what, when, where, and how much to 
buy, 5. bills of material reports, 6. 
stock reports, 7. shop schedules, 8. 
production and sales forecasts. 

One company reported its computer 
reports show the position of each prod- 
uct now and for 9 months in advance. 
There can be little doubt about it: 
computers are finding many and varied 
jobs in U.S. industry. 

What’s coming up next in numerical 
controls for machines? Here are some 
suggested applications: 1. positioning 
systems for drilling holes for condenser 
plates, 2. positioning systems requiring 
high accuracy, as for boring machines, 
3. completely automatic turret lathes, 
4. new contouring systems. 

Comparing numerically controlled 
setups with conventional methods, it 
was pointed out, the data processing 
equipment is new. Tooling and fixture 
design for a given application may be 
cheaper using numerical control. 
These elements are common to both 
systems: manufacturing equipment 
and supporting equipment. Other fac- 
tors that must be considered include 
personnel training, inventories (these 
may be lower with numerical control), 
total capital cost, production planning 
and scheduling, floor space require- 
ments. Not until all of these factors 
have been studied will it be possible 
to compare accurately the cost of con- 
ventional versus numerical control 
manufacturing setups, it was argued. 

A number of numerically controlled 
machines operating today are very 
complex, high cost installations. Most 
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LAST-MINUTE ARRANGEMENTS for Imagineering 
Luncheon are checked by Anderson Ashburn (left) , 
meetings vice-chairman for SAE Production Activity 
and J. E. Adams, vice-president for SAE Production Ac- 
tivity. Ashburn was toastmaster at the luncheon. 


DISCUSSING contents of Meetings program are: (left to right) J. T. 
Greenlee, Imperial Brass Mfg. Co.; SAE President William K. Creson: 
R. C. Ingersoll, president and chairman of the board, Borg-Warner Corp., 
J. A. MacLean, Bendix Aviation Corp., and general chairman of the 
Meeting. Ingersoll, guest speaker at one of the luncheons, spoke on 
“Engineering: The Key to Industrial Growth.’’ MacLean welcomed 
members and guests to the luncheon and Greenlee was toastmaster at 
the luncheon. 


PRODUCTION FORUM CO-CHAIRMEN J. D. Graham, 
International Harvester Co. (left) and E. O. Wirth, Ben- 
dix Aviation Corp. (right). 


are operating in the aircraft industry. 
Machines of the future may be much 
simpler, it was suggested. 

In response to questions from the 
floor it was pointed out that the tran- 
sition from tracer-type operation to 
numerical control will be simplified 
where existing equipment can be used. 
Training program required for machine 
operators is very short but a week or 
10 days training period may be neces- 
sary for maintenance crews. 

Aircraft experience with numerically 
controlled machines has been favora- 
ble, with downtime ranging from 3% 
to 14%. 

The outlook for numerically con- 
trolled machines is that they may find 
their optimum use outside the aircraft 
industry for runs ranging from 4 to 
4000 parts. The key word to numerical 
control is flexibility. This is one rea- 
son why automotive applications are 
receiving such serious consideration 
today. 

The final subject considered by the 
Forum was “Quality Control.” Dis- 
cussers emphasized the fact it is im- 
perative for management to state 
clearly the objectives it hopes to reach 
through a quality control system. It 
was also brought out that specific an- 
swers can be offered only for a specific 
problem. 

Roy C. Ingersoll, president and chair- 
man of the board, Borg-Warner Corp., 
spoke at one of the two luncheons on 
“Engineering: The Key to Industrial 
Growth.” In his remarks, Ingersoll 
paid high tribute to the contributions 
of our engineers in making possible 
the unparalleled expansion and devel- 
opment of this country. He predicted 
an even more important role for engi- 
neers in the years ahead. 

General chairman of the meeting 
was J. A. MacLean, Bendix Aviation 
Corp. E. O. Wirth, Bendix Products 
Division, and J. D. Graham, Inter- 
national Harvester Co., were responsi- 
ble for the selection of subjects and 
other arrangements for the 1958 Pro- 
duction Forum. William B. Shimer, 
DeSoto Division, Chrysler Corp., super- 
vised presentations for the technical 
sessions. Cooperating with the SAE 
Production Activity was the Chicago 
Section of SAE, R. L. Smirl, chairman, 
and the SAE Engineering Materials 
Activity, E. S. Rowland, chairman. 

Detailed reports by the secretary for 
each panel at the Chicago meeting 
will be published as a package in the 
near future by SAE. Members are 
urged to order these as soon as possible 
from SAE headquarters if they have 
not already done so. (Ask for SP-322. 
Price: $1.50 to SAE members. $3.00 to 
nonmembers.) 

A total of four technical sessions, 
comprising 9 papers, was presented at 
the Chicago meeting. These papers 
have been preprinted and are now 
available to members at 50¢ each and 
nonmembers at 75¢ each from SAE 
headquarters. 
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NEWS 


New 1000-Rom Power Take-Off Spec 
—A Boon to the Tractor Industry 


AKERS of farm tractors can step up 
power output substantially through 
use of SAE’s new 1000-rpm power take- 
off standard. Use of the standard also 
permits interchangeability between ex- 
isting 540-rpm and any new 1000-rpm 
machinery or equipment. 

The 1000-rpm PTO standard, which 
will appear in the 1958-1959 SAE 
Handbook, offers the following advan- 
tages: 


® Power transmission is increased by 
use of a small power shaft. 


@ Smaller universal joints and power- 
line drive cut the cost of implements 
having shaft speeds above 540 rpm. 


® Faster PTO drive requires less 
speed reduction. 


® Involute splines increases torsional 
strength. 


® Telescoping of the power line be- 
tween the two forward universal joints 
is possible since the horizontal distance 
from the power shaft to the drawbar 
hitch point is increased by two in. 


® Alignment of power line, especially 
with hitch-mounted implements, is im- 
proved because (1) the vertical dis- 
tance from the top of the drawbar to 
PTO is reduced from 6-15 in. to 6-12 in. 
and (2) the maximum offset of PTO 
from the tractor centerline is reduced 
to one in. 

® More space is created for hitch- 
mounted implements by shortening the 
power shaft one in., increasing the 
horizontal distance from the drawbar 
hitch point by two in., and reducing 
the minimum tire clearance one in. 
This permits master shields to be re- 
duced and moved forward. 

® Safety is increased by improved 
power shaft shielding. 


Tractor makers will face two prob- 
lems as the new standard takes hold. 
They will have to expand their engi- 
neering programs during the change- 
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over period. A swing to the new stand- 
ard would also mean an increase in the 
production cost of implements having 
shaft speeds of 540 rpm or less. 
Recent test results showed that: 


(1) The torque transmitted by a 
tumbling shaft is reduced in direct pro- 
portion to the increase in operating 
speed. 

(2) Performance of an implement at 
the cutter head or the hammer mill 
head is not affected by the speed of the 
tumbling shaft. 


The new standard has also been ac- 
cepted by the American Society of Ag- 
ricultural Engineers. 


A-16 Helps Air Force 
Whip Fuel System Problems 


HREE members of SAE Aircraft 

Committee A-16, Fuel and Oil Sys- 
tems and Equipment, helped solve fuel 
system design problems recently dis- 
cussed by a joint Air Force-Industry 
Technical group at Wright Air Devel- 
opment Center. The Conference was 
called by the Air Force in an effort 
to overcome plumbing coupling prob- 
lems encountered in some of today’s 
military aircraft. 


A-16 Chairman P. H. Jones, who 
heads the fuel system design section 
at North American, and committee 
rrembers K. R. Bragg of Northrop and 
F. S. Pepersack of Martin gave techni- 
cal assistance in guiding conference 
discussions. 

Problems were attacked in three 
phases: The immediate emergency cor- 
rection on current aircraft; a per- 
manent solution; and a long-range 
program designed to avoid recurrence 
of the problem in future aircraft. 

The latter resulted in the recom- 


mendation that thought be given to 
making A-16, or a panel thereof, the 
future advisory group to the Air Force 
on fuel system technical matters. 

Conference discussions focused on 
fuel system leakage and other serious 
failures caused by aircraft vibration, 
thermal expansion, characteristics of 
synthetic seal materials, and complex 
maintenance procedures. 


Property Specs for 
Metal Abrasives Proposed 


HE establishment of SAE specifica- 

tions for the chemical and physical 
properties of metal abrasives used for 
shot peening and blast cleaning was 
proposed at the first meeting of an 
ISTC Division 20 Subcommittee on 
Chemical and Physical Properties of 
Shot. 

The need for such specifications was 
indicated by several subcommittee 
members who based their proposal on 
the thinking which follows: 


® Uniform shot specifications would 
help clarify problems which appear to 
stem from the nature of the shot or 
grit being used, but which actually may 
be due to other causes. 


® Many users have already developed 
their own shot specifications. 


© Effective operation of shot testers 
requires accurate chemical and physi- 
cal property information. 


Subcommittee Chairman H. F. Kulas, 
Cleveland Metal Abrasive Co., has 
scheduled the next meeting during the 
Annual Shot Peening Conference which 
will be sponsored by ISTC Division 20 
on May 5-7 in Colorado Springs, Colo. 


New Countersink Spec 
Protects ‘4-1 In. Bolts 


IMENSIONS of countersinks for 4-1 

in. bolts comprise the new SAE 

Standard on Countersinks for Cutting 

Edges and End Bits. The report will 
Continued on next page 
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New SAE Committee on Ground 
Support Gear Will Aid Space Race 


S the race into space continues, a 

new SAE Committee on Aircraft and 
Missile Support Equipment (S-13) is 
standardizing support gear for mis- 
siles and jet engines. In this way, S-13 
members will increase reliability and 
promote the exchange of technical 
data between designers and users of 
support equipment. 

The importance of coordination be- 
tween government and industry was 
stressed by William Holaday. director 
of the Guided Missile Program for the 
Department of Defense, at a recent 
Aeronautics Committee meeting in 
New York. In addition, Mr. Holaday 
said that for every dollar spent on mis- 
siles, two are spent on what it takes 
to transport, arm, fuel, test, launch, 
and track a missile. 

Complexity of support equipment 
ranges from the simple jack to the in- 
tricate devices needed to cool systems 
during the countdown. Since SAE is 
the only technical society which has 
developed standards for ground vehi- 
cles and aircraft, it is the most logical 
place to initiate work which overlaps 
both areas. 

Committee S-13 began work on a 
much needed catalog of existing equip- 
ment specification requirements at its 
second meeting held in February at the 
Naval Air Station in Norfolk, Va. Si- 
multaneously, it is considering prob- 
lems which deal with ground contami- 


$-13 Vice Chairman R. G. Lohmann (I.), Martin Co., and Committee Secretary R. M. McClure 
(r.), North American Aviation, are shown support equipment by Com. J. A. Laurich, U.S. Navy 


nation of aviation fuels. 

To insure competent technical han- 
dling of specialized problems, S-13 
members will draw on the experience 
of various existing SAE aircraft com- 
mittees: For example, the Hydraulic 
and Pneumatic Equipment Committee 
(A-6), the Air Conditioning Equipment 
Committee (A-9), or the Fuel and Oil 
Systems and Equipment Committee 
(A-16). 

At the Norfolk meeting, which was 
led by Vice-Chairman R. G. Lohmann, 
six points were made in a discussion 
which followed an inspection of sup- 
port equipment for several first-line 
jet aircraft. 

(1) Manufacturers should adapt to 
existing equipment before designing 
new equipment. 

(2) Parallel-rail-type equipment for 
engine handling is being well received. 

(3) Equipment to check wheel and 
tire balance is needed. 

(4) Maneuverability is a must, es- 
pecially on shipboard. 

(5) Pneumatic tires are considered 
undesirable and unnecessary on sup- 
port gear. 

(6) Many flights are aborted due to 
the failure of support equipment. 

S-13 members also visited the USS 
Ranger at the Portsmouth, Va., Naval 
Shipyard. An extensive tour was made 
of a display of support equipment on 
the hangar and flight decks. 


Bureau of Aeronautics, at the Naval Air Station in Norfolk, Va. 
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Countersink Spec — continued 


appear in the 1958-1959 SAE Hand- 
book. 

Maximum bolt head and minimum 
countersink dimensions were estab- 
lished to protect recessed bolts within 
the specified range. The new report 
also limits the physical dimensions of 
the square punched hole which will 
indicate when manufacturers should 
replace square punchers. 

In addition, provisions are made to 
keep the square portion of the bolt 
head from turning when torque is ap- 
plied to the nut during assembly. 

Prepared by the Cutting Edges Sub- 
committee of the Construction and In- 
dustrial Machinery Technical Commit- 
tee, the new standard is compatible 
with the ASA Standard on Commercial 
Plow Bolts. 


Varnish and Sludge 
Related to Stop-and-Go 


A PROGRESS report on varnish and 
sludge deposits encountered in stop- 
and-go driving is available as CRC 
Report No. 315. It reflects the work 
of 24 laboratories which conducted 
over 300 engine cycling tests produc- 
ing deposits similar to those found in 
light-duty field service. 


New Deposit Rating System 


One concrete result was the develop- 
ment of a deposit rating system which 
is expected to improve reproducibility 
of results between laboratories. The 
CRC Engine Varnish and Sludge 
Group that directed the study, found 
that operating conditions, mechanical 
variables, engine type, fuels and lubri- 
cants all have a definite influence on 
the type and amount of deposits 
formed. 

Among the mechanical factors stud- 
ied, piston ring modifications were 
found to be influential. Tests showed 
that one piston ring design produced 
a consistently high rate of blowby, 
thereby accelerating deposit forma- 
tions in laboratory testing. Operating 
conditions which resulted in deposits 
similar to those encountered in the 
field consisted of cycling operations 
involving idling, low-temperature 
moderate-load conditions, and higher 
temperature moderate-load conditions. 

This cyclic operation will separate 
lubricating oils, engines, and fuels in 
regard to their influence on the forma- 
tion of varnish and sludge deposits. 
Cover sludge, piston varnish, and oil 
ring plugged can be individually and 
variously affected by different oils. 

Limited data suggest that the labor- 
atory results could probably be im- 
proved with respect to oil ring plugging 
by increasing test duration. 


To Order CRC Report No. 315.. 
on which this article is based, seep. 5. 
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New Aero Lighting Group 
To Set Performance Goals 


PTIMUM performance standards for 
interior and exterior aircraft light- 
ing will be set up by the new SAE Air- 
craft Lighting Committee (S-14). At 
its first meeting held in New York last 
month, S-14 outlined a plan to supple- 
ment the work of the Dluminating En- 
gineering Society, which is primarily 
concerned with establishing lighting 
parameters rather than actual opera- 
tional requirements. 


Industry Guidance Needed 


A need for industry guidance clearly 
exists, according to S-14 Chairman C. M. 
Christenson, director of Flight Safety, 
United Airlines. Mr. Christenson re- 
cently noted that 18 industry commit- 
tees have been formed during the last 
12 years, but no single group has as- 
sumed the leadership necessary to es- 
tablish widely recognized aircraft 
lighting standards. 


Comprehensive Report Planned 


To accomplish this, S-14 is planning 
an all-inclusive report which will in- 
clude standards prepared by SAE or 
other organizations. The current 
trend toward equipment interchange- 
ability and increased flight speeds has 
created problems which point the way 
to such a document. 

To implement the report, a steering 
committee and three subcommittees 
have been established. The subgroups 
are the Flight Deck Subcommittee 
(S-14A), Exterior Subcommittee (S- 
14B), and the Interior (Aft of Flight 
Deck) Subcommittee (S-14C), and A-2 
on Aircraft and Missile Electrical 
Equipment. 

S-14 members expect to work closely 
with the IES and the SAE Committees 
S-7 on Cockpit Standardization and 
S-9 on Cabin Safety Provisions. 


The 1958-1959 SAE Handbook . . . 
... Will be available January, 1959, instead of June, 1958. 


REASONS FOR THE CHANGE .. 


(1) To make the Handbook publication date correspond to the 


calendar year. 


(2) Permit technical committee members an October through May 
work period which is uninterrupted by summer vacations. 


(3) Create the effect of advancing the publication date of reports 


approved by the Technical Board. 


The unanimous agreement of technical committee chairmen to use 
the 1957 Handbook during the 18-month change-over was announced 
by the Publication Policy Committee in January, 1957 


Technishorts . . . 


A STANDARD PROCEDURE FOR DE- 
TERMINING RESIDUAL STRESS BY 
X-RAY is nearing completion in the 
X-Ray Subcommittee of the ISTC Divi- 
sion 4 on Residual Stresses. The report 
will cover basic principles and experi- 
mental techniques supplemented by 
several appendices on geometry, ab- 
sorption, layer removal, and beam 
penetration. It will also contain a 
procedure for preparing a hard-stress 
free-reference specimen. Subcommit- 
tee Chairman W. P. Evans, Caterpillar 
Tractor Co., expects a finished proposal 
in the near future. 


RESULTS OF GENERAL ELECTRIC’S 
HIGH-TEMPERATURE TESTING OF 
CHROMEL-ALUMEL THERMOCOU- 
PLES were reported at a recent meet- 
ing of Committee AE-2, Temperature 
Measuring Devices. Thermocouples 
exposed to an oxidizing atmosphere 


for 1000 hr at 500, 600, and 700 C 
showed that within the first 240 hr 
of test — 

At 500 C, the thermocouples changed 
calibration by approximately 4 C. 

At 600 C, calibration changed 5 C. 

At 700 C, the change was 8% C. 

In all case, the thermocouples went 
from a minus 144-deg deviation from 
standard to a positive deviation. 


AN ARP ON AC MOTOR TACHOM- 
ETERS is being developed by a panel 
of the Aircraft Electrical Equipment 
Committee. To effect the report, four 
subgroups were appointed. Ralph 
Pickus, Sperry Gyroscope, is chairman 
of the Subcommittee on Nomenclature, 
Definitions, and Equipment Evaluation. 
Jack Pinner, Eclipse-Pioneer, leads the 
Performance Subcommittee. C. L. 
Kennedy, Sperry Utah Engrg., heads 
the Physical Dimensions Subcommit- 
tee. E. E. Helander, Sperry Gyroscope, 
is chairman of Environmental Require- 
ments Subcommittee. 


New Aircraft Lighting Committee To Develop Performance Standards 


(See story on this page.) Left to 
right: M. A. Mortensen, General Electric; S. R. Morabito, Republic Aviation; F. J. Borofka, Martin Co.; J. G. Hoffman, Hoffman Engineering; S-14 
Chairman C. M. Christenson, United Airlines; M. G. Beard, American Airlines; C. L. Crouch, Illuminating Engineering Society; O. G. Henson and 
P. H. Greenlee, Grimes Mfg. Co. 


Nine of the 15 participants at the first meeting of the Aircraft Lighting Committee (S-14) are shown above. 
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CHARLES E. WILSON, at one time 
president of General Motors Corp. and 
former Secretary of Defense, has been 
named to the board of directors of 
Oswego Navigation Corp., a new entry 
into the shipping field which has pur- 
chased Marine Transport Lines and 
Marine Navigation Co., Inc., of New 
York. 


MARCUS L. BROWN has retired as 
president and general manager of 
Seiberling Rubber Co. of Canada, but 
will continue as a director of the com- 
pany. President of Seiberling since 
1945, Brown is an active participant in 
SAE activities. He has been a member 
of SAE Council, is a past chairman of 
SAE’s Canadian Section, and has 
worked on many national and Section 
committees. 


ROBERT E. WILSON has retired as 
chairman of the board of Standard Oil 
Co. (Indiana). An issue of the com- 
pany’s employee house organ, devoted 
entirely to Dr. Wilson’s striking career, 
says: “This month, at 65, Dr. Robert 
E. Wilson becomes a Standard Oil an- 
nuitant. Three words—or 3000 — 
could hardly describe his 36 years of 
total service, or his 13 years as chair- 
man of the board, during which the 
company’s net worth has doubled.” 

Dr. Wilson read his most famous 
technical paper, “Chemical Hay for 
Mechanical Horses,” before SAE. It 
showed how elaborate and expensive 
other-than-petroleum power systems 
for motor vehicles would be. 

An SAE member since 1921, Dr. Wil- 
son served for several years on the 
finance committee. 

He will maintain his headquarters 
in Chicago, give more time to work on 
the General Advisory Committee to the 
Atomic Energy Commission and its 
Weapons Subcommittee ... also to 
various foundations and other boards 
of which he is a member. 


W. G. LUNDQUIST has been re- 
tained by Reaction Motors Inc., as 
technical consultant and advisor on the 
Pioneer rocket engine. Prior to joining 
the corporation, he had been vice-presi- 
dent, engineering, for all divisions of 
Curtiss-Wright Corp. 


HARRY P. TROENDLY has been 
elected a group vice-president of Borg- 
Warner Corp. He had been president 
of the Spring Division since 1953, and 
prior to that was vice-president and 
general manager of the division, which 
he organized in 1940. 


WHITLEY C. COLLINS, president 
and chief executive of Northrop Air- 
craft, Inc., has been elected a member 
of the board of trustees of the Califor- 
nia Institute of Technology. 
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About SAE Members 


JACK SIMON, formerly a hydrau- 
lics engineer for the Republic Avia- 
tion Corp., is now sales engineer, test 
equipment, with Greer Hydraulics, Inc. 


SAMUEL G. RAE has been appointed 
manager of automotive sales for 
Owens-Corning Fiberglas Corp. With 
the corporation since 1950, he most 
recently has been automotive sales 
representative for the Detroit branch 
office. 


BERTEL 8S. NELSON, formerly di- 
rector of engineering for the Hills- 
McCanna Co., is now a product design 
consultant, specializing in the design 
and development of equipment in the 
mechanical power transmission field. 


SALVATORE F. PISASALE is now a 
project leader in the research and de- 
velopment department of the Decker 
Corp. Prior to this he was with the 
Budd Co. in the airframe research de- 
fense department as a senior mechani- 
cal engineer, research and development. 


G. P. ROBERS, general sales man- 
ager, distributor divisions, Fort Wayne 
Division, Weatherhead Co., will have 
full charge of the company’s “Win 
With Ermeto” contest. 


NORMAN C. WITBECK is now self 
employed as a technical consultant in 
the field of aircraft and missile pro- 
pulsion in Trenton; N.J. Formerly he 
was chief engineer, Turbo-motor Divi- 
sion, Curtiss-Wright Corp., in Hemp- 
stead, L.I., N.Y. 


D. E. BARTHOLOMEW has been 
appointed assistant managing engineer, 
design, for the heavy truck chassis de- 
partment, Dodge Division, Chrysler 
Corp. Formerly he was chassis super- 
visor for the department. In the same 
department, C. J. TAYLOR has become 
assistant managing engineer, project 
engineering. He was formerly a proj- 
ect engineer with Dodge. 


RICHARD L. HUMPHREY is now a 
student at Missouri School of Mines 
and Metallurgy, working on a BS. 
degree in electrical engineering. He 
has just been released from active duty 
with the U.S. Army Corps of Engineers. 


MARSHALL E. MUNROE, JR., has 
been made general purchasing man- 
ager, North American operations, for 
Massey-Harris-Ferguson, Ltd., in To- 
ronto. Munroe joined Harry Ferguson, 
Inc., in 1939, and in 1954 became vice- 
president in charge of procurement, 
Massey-Harris-Ferguson, Inc., in Ra- 
cine, Wis. 


ROBERT W. GRAHAM is now a 
senior project engineer in the passenger 
chassis group, Chevrolet Engineering 
Center, General Motors Corp. He is 
responsible for design and release of 
air suspension on passenger cars. 
Formerly Graham was a senior experi- 
mental engineer in the research and 
development section. 


J. L. CARLISLE has been made 
senior project engineer in the Body 
Group at the Chevrolet Engineering 
Center. Formerly he was group super- 
visor in the drafting department. 


H. H. DONALDSON, JR., has been 
appointed staff product application en- 
gineer in the Marketing Technical 
Service Division of Gulf Research and 
Development Co. He will be responsi- 
ble for coordination of technical serv- 
ice activities pertaining to trucks and 
buses. Prior to his new appointment, 
he was with Gulf’s Toledo Sales Divi- 
sion. 


THEODORE G,. VICKERS, formerly 
manager, manufacturing research and 
development department for the Kelsey 
Hayes Co., has been named plant man- 
ager for the Ross Operating Vaive Co. 
in Detroit. 


JOHN F. CREAMER, JR., has been 
elected a vice-president of Wheels Inc. 
He will serve in an executive sales 
capacity in the same department where 
he has acted as a field representative 
during the past four years, and will 
make his headquarters in Clifton, N. J. 


CHARLES R. McCLELLAN has re- 
cently become regional sales engineer 
for Standard Oil Co. of Calif., Western 
Operations, Inc., in San Francisco. He 
was formerly district sales engineer for 
the company in Honolulu. During 
nine years in the Hawaiian Islands, he 
held many SAE Hawaiian Section posts. 


WILLIAM W. GRAHAM, formerly an 
industrial automotive engineer with the 
Utah Oil Refining Co. in Salt Lake 
City, is now a sales engineer in the 
Petroleum Additives Division of Amoco 
Chemicals Corp. in Chicago. The cor- 
poration is a newly formed subsidiary 
of Standard Oil Co. of Indiana. 
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ROBERT W. BURTON is now assis- 
tant staff engineer of the transmission, 
axle, propeller shaft and brake depart- 
ment, Cadillac Motor Car Division of 
General Motors Corp. Prior to his new 
appointment, he was senior project 
engineer with the division. 


JOHN S. ANDREWS, formerly re- 
gional executive, product manufactur- 
ing activities, in the International Di- 
vision of Ford Motor Co., has been 
appointed general manager of Ford- 
werke A.G., Cologne, Germany. 


JAMES F. BOURQUIN has become 
corporate quality manager for the 
Whirlpool Corp. in St. Joseph, Mich. 
Formerly he was works manager for 
the Hamilton Division of the corpora- 
tion in Hamilton, Ohio. 


JERALD D. HINKE is now an ex- 
perimental engineer with the J. I. 
Case Tractor Works, Racine, Wis. 
Formerly he was a powerplant engi- 
neer with the Northwest Engineering 
Co. 


HERBERT K. SACHS has become an 
assistant professor in the College of 
Engineering, department of engineer- 
ing mechanics, at Wayne State Uni- 
versity in Detroit. Formerly he was 
supervisor of engineering computations 
at the level of senior project engineer, 
with the truck and coach engineering 
department, General Motors Corp. 


JAMES W. SINCLAIR has retired as 
manager, automotive department, 
Union Oil Co. of Calif. He is a past- 
chairman of SAE Southern California 
Section. 


WALTER L, FLINN, formerly man- 
ager of Vickers Aero Hydraulics Divi- 
sion, Sperry Rand Corp. in Washing- 
ton, has been appointed staff director 
— defense activities, for Vickers. 


CRAY L. FOLEY is now a research 
engineer for the Lockheed Missile Sys- 
tem Division of Lockheed Aircraft 
Corp., Sunnyvale, Calif. Formerly he 
was an engineer with the Sperry Gyro- 
scope Co. in Great Neck, N. Y. 
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S. K. CANNON has been transferred 
to the Atlanta Assembly Plant of Ford 
Motor Co. in the capacity of assistant 
plant manager. Prior to this he was 
assistant to the plant manager, Ford 
Division, Ford Motor Co., in the Mah- 
wah Assembly Plant. 


R. F. LABORY is now division auto- 
motive superintendent with the Union 
Oil Co. of Calif. Previously he was 
assistant to the manager, automotive 
department, with the same company. 
He has been active in SAE Southern 
California Section and was vice chair- 
man of the Section’s Transportation 
and Maintenance Activity for 1956-57. 


ERNEST ERWIN has been trans- 
ferred to Marietta, Georgia division of 
Lockheed Aircraft Corp., as director of 
quality control. Formerly he was chief 
inspector for the corporation in Bur- 
bank, Calif. 


FRANK E. PILLING, JR., is now 
general sales manager for the Marvel- 
Schebler Products Division of Borg- 
Warner Corp. in Decatur, Il. Prior to 
this he was manager of liquefied petro- 
leum gas carburetion equipment for the 
Century Gas Equipment Co. until it 
was purchased by Marvel-Schebler. He 
has been active in SAE Southern Cali- 
fornia Section. 


WILLARD J. RUSSELL, formerly 
vice-president, director of sales, Frue- 
hauf Trailer Co. of Canada, Ltd., is 
now vice-president and director of 
sales, Trailer Division, with Canadian 
Car Co., Ltd. 


FARRALD G. BELOTE, SR., has be- 
come district manager for Allied Auto- 
motive Parts Co. in Cincinnati. Prior 
to this he was sales engineer with the 
American Brake Shoe Co. in Detroit. 


ARTHUR R. CHASE is now main- 
tenance officer, post ordnance, Head- 
quarters U.S. Army Garrison, Post 
Ordnance Section, in Colorado. For- 
merly he was with the Ordnance Divi- 
sion of the Army in Hawaii. 


A discussion of automation principles 
as practiced in the automotive indus- 
tries was presented by JOSEPH 
GESCHELIN, Detroit Editor, Chilton 
Publications, at the Regional Confer- 
ence of the National Management As- 
sociation in Cincinnati, April 12, 1958. 

The talk developed the basic con- 
cepts of automation; its advantages 
and limitations; and traced the back- 
ground leading to the adoption of such 
techniques by automotive manufac- 
turers. Typical installations in ma- 
chine shops, press shops, and in assem- 
bly departments were illustrated to 
indicate the form and application of 
automation devices. 


JORGEN J. VOLTELEN represented 
Denmark at a meeting on motor ve- 
hicle construction requirements held 
in March in Geneva, Switzerland, 
under the auspices of the Economic 
Commission for Europe. Voltelen is 
chief commissioner, Motor Vehicle 
Technical Department of the Danish 
Ministry of Justice. RALPH 
BERTSCHE, electrical engineer of the 
Truck and Coach Division, General 
Motors Corp., and DON BLANCHARD, 
of the SAE Staff, were industry mem- 
bers of the U.S. State Department 
Delegation to the meeting. 


W. E. JOMINY, chief metallurgist, 
research, Chrysler Corp., is among top- 
ranking metallurgists appointed to 
positions on the newly created National 
Advisory Council of the Metals Engi- 
neering Institute. 


Members of the executive committee 
of the Automotive Old Timers, selected 
by the board of directors from its mem- 
bership, are as follows: 

WILLARD F. ROCKWELL, chairman, 
Rockwell Spring and Axle Co., honor- 
ary president and life director; A. W. 
HERRINGTON, chairman, Marmon- 
Herrington Co., president: JOHN F. 
CREAMER, president, Wheels, Inc., 
vice-president; GEORGE A. MARTIN, 
president, Town and Country Motors 
Inc., vice-president, and ALFRED 
REEVES, consultant, Automobile Man- 
ufacturer’s Association, vice-president. 

The officers were elected at the i8th 

Annual Meeting. 


WILBUR L. CROSS, JR., has been 
named chairman of the Committee on 
Engineering and Vehicle Inspection of 
the American Association of Motor Ve- 
hicle Administrators. He is with the 
Connecticut Department of Motor Ve- 
hicles. 


CHARLES M. HEINEN, of Chrysler 
Corp., has been elected chairman of 
the Vehicle Combustion Products Com- 
mittee of the Automobile Manufactur- 
ers Association. He replaced JOHN 
M. CAMPBELL, of General Motors Re- 
search Staff. JAMES M. CHANDLER, 
of Ford Motor Co., serves as vice-chair- 
man of the committee. 
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Taylor Butler 

J. E. TAYLOR, formerly director of 
the Automotive Engineering Division, 
Gulf Research and Development Co., 
has been appointed director, Automo- 
tive Research. Taylor, who has been 
with Gulf since 1934, will have his 
office in Birmingham, Mich., and will 
also maintain an office at the Gulf Re- 
search Center for periodic consultations 
with the research staff. 

Taylor is succeeded as director of 
the Automotive Engineering Division 
by CHARLES W. BUTLER, who was 
formerly assistant to the director of 
the division. Butler, who has been 
with Gulf Research since 1933, will be 
responsible for directing activities of 
personnel engaged in research on the 
company’s automotive and aviation 
products. 


WAYNE H. MUELLER is now a 
project engineer with the Owosso Di- 
vision of Midland-Ross Corp. in 


Owosso, Mich. Formerly he was a 
project engineer with the Farnsworth 
Electronics Co. in Ft. Wayne, Ind. 


ROBERT F. PETERJOHN, formerly 
_ field engineer with the Weatherhead 
“ Co. in Glendale, Calif., is now chief 
engineer for the Aircraft Fitting Co. in 
Dania, Fla. He is responsible for all 
engineering, tool design, field service, 
and research and development. 


WILL W. WHITE, formerly vice- 
president, Esso Research and Engi- 
neering Co., is now director and avia- 
tio: coordinator with the Esso Export 
Corp. He is responsible for coordina- 
tion of Standard Oil Company’s world- 
wide aviation petroleum activities. 


EDGAR 8S. CHEANEY, formerly a 
designer with Allis Chalmers Mfg. Co., 
Springfield, Il., is now research project 
engineer for Battelle Memorial Insti- 
tute in Columbus, Ohio. He is in 
charge of development projects in the 
Product Research Division. Cheaney 
has been active in SAE Central Illinois 
Section. 


PAUL T. HUGHES, formerly super- 
visor of stores and automotive opera- 
tions, Southern Counties Gas Co., Los 
Angeles, is now superintendent of 
maintenance for Burlington Truck 
Lines, Inc., Galesburg, Ill. He is re- 
sponsible for the direction and main- 
tenance of the entire fleet. 


PAUL R. LEPISTO, formerly project 
engineer for International Harvester 
Co., Ft. Wayne, Ind., is now senior en- 
gineer for Chrysler Corp. His work in- 
volves the testing and development of 
trucks. 


CARL O. MONROE, formerly dis- 
trict service supervisor for Interna- 
tional Harvester Co., is now branch 
industrial sales manager for Massey- 
Harris-Ferguson, Inc., Industrial Divi- 
sion. With his headquarters at Jack- 
son, Miss., he is responsible for branch 
operation of the company’s industrial 
products in a three-state area. Mon- 
roe has been active in SAE Mid-Con- 
tinent and Wichita Sections. 


E. R. NOBLE has become area fleet 
sales manager for Chrysler Motors 
Corp. in New York City. He handles 
all fleet sales in the eastern marketing 
area, covering the Philadelphia, New 
York, and Boston zones. Formerly 
Noble was regional manager for the 
Fargo Division of the corporation in 
Bala Cynwyd, Pa. 


WILLIAM E. POWELL is now Airide 
sales engineer for Firestone Industrial 
Products Co.; previously he was unit 
supervisor in the development depart- 
ment of Ford Motor Co. 


ROBERT B. BUTLER, formerly sales 
manager, AiResearch Industrial Divi- 
sion of the Garrett Corp., is now in- 
dustrial sales manager for the Sargent 
Engineering Corp. He is engaged in 
development of industrial applications 
for the company’s precision products, 
and design and development facilities. 


ROBERT G. HARDIN, formerly sales 
engineer for Gulf Oil Corp. in Rich- 
mond, Va., is now a technical analyst 
in the product application department 
of the corporation in Pittsburgh, Pa. 


RAYMOND A. HUDSON is now sales 
engineer for the Chicago Rawhide Mfg. 
Co.; formerly he was sales engineer 
for the National Seal Division of Fed- 
eral-Mogul-Bower Bearings Inc. 


SURENDRA P. PATEL, formerly de- 
sign engineer for the Caterpillar Trac- 
tor Co. of Great Britain, Ltd., is now 
with the Caterpillar Tractor Co. of 
Peoria, Ill. His work includes per- 
formance analysis of diesel engines; 
thermal loading and wall temperature 
of turbocharged compression-ignition 
engines. 


AUGUST H. LEU, formerly sales 
manager, E. Blankenship & Co., Inc., 
Marion, Ill., is now sales manager, 
Automotive Division, Shatterproof 
Glass Corp., Detroit, Mich. 


L. L. NORMAN, formerly editor, Na- 
tional Market Reports, Inc., Chicago, 
Tll., is now general manager of the 
Glenn Mitche!l Catalog Eervice in San 
Diego, Calif. 


GENE R. DREW, formerly assistant 
field operations supervisor, Project 
S.M.A.R.T., Coleman Engineering Co., 
is now test engineer for the Grand 
Central Rocket Co. His work includes 
testing, research, and development on 
solid propellant rocket motors and 
rockets. 


GEORGE W. GIBSON, JR., formerly 
assistant chief engineer, Dodge Divi- 
sion, Chrysler Corp., is now staff engi- 
neer, automotive group, with Chrysler. 
His work includes administration and 
coordination of product engineering 
projects for the automotive group. 


OSCAR BROMBERG, formerly an 
engineer with Bromberg, Staudt and 
Co. in Hamburg, Germany, is now in 
the engineering department of Ma- 
quinas Bromberg, Ltda., in Sao Paulo, 
Brazil. His work includes sales con- 
tacts; technical consulting for indus- 
try and government; and design and 
layout of industrial installations, hy- 
draulic and electric stations. 


ORVIS J. FAIRBANKS, formerly 
manufacturing engineer for the West- 
ern Electric Co., Winston Salem, N. C., 
is now a technical consultant for the 
government of Yugoslavia, in Belgrade. 
He provides consulting service on tech- 
nical problems throughout Yugoslavia 
at various industrial locations. 


LEE R. SCOTT, JR., is now scientist 
A: — thermodynamics, with the Hayes 
Aircraft Corp. in Birmingham, Ala. 
Formerly he was a thermodynamicist 
with the AiResearch Mfg. Co. of Ari- 
zona, division of the Garrett Corp., in 
Phoenix. 


MARTIN HEBERT, JR., formerly 
supervisor, advanced systems, Aircraft 
Gas Turbine Department, General 
Electric Co., is now supervisor, Instru- 
mentation Division unit, Aircraft Nu- 
clear Propulsion Department, for the 
company. 


FRANCIS MANGIN, formerly an en- 
gineer with the Grumman Aircraft 
Engineering Corp. in Bethpage, N. Y., 
is now with the Office of Naval Re- 
search at the U.S. Naval Training De- 
vice Center, in Port Washington, N. Y. 


EARL D. ALLEN, formerly a re- 
frigeration engineer with the Norge 
Division of Borg-Warner Corp., Mus- 
kegon Hts., Mich., is now a tool de- 
signer — A, for the McDonnell Aircraft 
Corp. in St. Louis, Mo. 


CHARLES J. KEIM, formerly chief 
engineer of the Oil Well Supply Divi- 
sion of U.S. Steel Corp., is now director 
of product research and development 
with the same division. 


THOMAS A. KESEL, formerly in the 
U.S. Army at Aberdeen Proving 
Grounds, is now an engineer with cen- 
tral engineering of Chrysler Corp. 
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STANLEY L. MACKLIS has become 
supervisor —controls component de- 
sign, for the Aircraft Gas Turbine Di- 
vision of the General Electric Co. in 
Cincinnati. Prior to this he was senior 
project engineer for the New York Air 
Brake Co. 


JOHN 8S. GABEL, formerly industrial 
engineer for E. I. duPont de Nemours 
& Co., Inc. in Wilmington, Del., is now 
engineering director for Martin Cen- 
tury Farms, Inc., in Lansdale, Pa. 


LAWRENCE E. GAYDOS, formerly 
a research engineer on the engineering 
staff of Ford Motor Co., is now a 
project engineer with the U. S. Army 
Ordnance Corps, Detroit Arsenal. 


ALBERT OLSON is now consulting 
management engineer with George S. 
May Co. de Venezuela, CRL. Prior to 
this he was a consulting engineer in 
Toronto. 


JOSEPH T. REAM, JR., has joined 
Atomics International Division of 
North American Aviation, Inc., as 
senior research engineer. Previously 
he was systems engineer with the 
Nuclear Systems Group of AiResearch 
Mfg. Co. of Ariz. 


WILLIAM A. KUHN has become re- 
search engineer with the Research Di- 
vision of the Micromatic Hone Corp. 
in Palmdale, Calif. Formerly he was 
group supervisor, special products sec- 
tion, Aero-Hydraulics Division, Vickers, 
Inc., in Detroit. 


CHARLES H. JACKSON has joined 
the staff of the electronics department 
of Hamilton Standard, Division of 
United Aircraft Corp., as a project en- 
gineer in the advanced design group. 
Jackson formerly was with General 
Electric’s heavy military electronics de- 
partment as a systems analyst special- 
ist, in the field of radar; prior to this, 
he worked for the U.S. Navy Bureau of 
Ordnance as a guided missile project 
engineer. 


STANLEY L. BUCKAY, formerly 
section engineer, General Motors Corp., 
engineering staff, transmission devel- 
opment section, Technical Center, is 
now with the Buick Motor Division, 
research and development section, en- 
gineering department, GMC. 


CHARLES E. SCHEFFLER, JR., 
formerly assistant head, automotive 
engines department, General Motors 
Research Staff, General Motors Corp., 
is now with the General Motors engi- 
neering staff, power development de- 
partment, GM Technical Center. 


ROBERT P. WOLFE, formerly as- 
sistant product development engineer, 
International Harvester Co., Phoenix, 
Ariz., is now product development en- 
gineer for the company, Huntsville 
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Proving Ground, Construction Equip- 
ment Division, in Huntsville, Mo. 


HANS U. WYDLER is now assistant 
secretary for the Chemical Corn Ex- 
change Bank. Formerly he was vice- 
president in charge of Value Line In- 
vestor’s Counsel, Inc. 


RAYMOND P. MARTIN, JR., is now 
associate engineer— weapons support 
equipment, Pilotless Aircraft Division, 
Boeing Airplane Co., in Seattle, Wash. 
Formerly he was junior design engi- 
neer — cabin pressure — AiResearch 
Mfg. Co., division of The Garrett Corp., 
Los Angeles. 


RICHARD T. NOE, formerly man- 
ager, advanced design analysis, styling 
office, Ford Motor Co., is now chief 
staff engineer, research and develop- 
ment, with Canadair Ltd., in Montreal, 
Can. 


DANIEL GRUDIN, formerly senior 
staff engineer, Stroukoff Aircraft Corp., 
is now project engineer, new product 
development, Propeller Division, Cur- 
tiss-Wright Corp. 


JOHN G. SPRUHAN is now vice- 
president and general manager for the 
Townsend Co., Dunn Steel Products 
Division, Plymouth, Mich. Formerly 
he was central division sales manager 
for the company until 1953, when he 
became general manager. 


DAVID R. OSBORNE, formerly pro- 
duction engineer for the New Process 
Gear Division of Chrysler Corp., is now 
laboratory supervisor in charge of the 
Dodge truck line with the corporation. 


BENJAMIN G. GRAY, formerly an 
instructor of automotive technology 
at Gaston Technical Institute in Gas- 


‘tonia, N. C., is now a lubrication en- 


gineer, automotive, for the Texas Co. 
in Norfolk, Va. His position includes 
checking on application and use of 
petroleum products by the truck and 
bus fleets of the transportation indus- 
try, and the motoring public. 


ROY V. NORRLANDER is now sec- 
tion engineer in charge of the Design 
Support Section for Texas Instruments, 
Inc., in Dallas. Formerly he was sec- 
tion engineer in charge of high pres- 
sure hydraulics for the Lear-Romec 
Division of Lear, Inc., in Elyria, Ohio. 


JOSEPH J. W. MORRISON, formerly 
machine supervisor for Canadian Mar- 
coni Co., Ltd., St. Johns, Newfound- 
land, Can., is now machinist erector 
foreman for Flanders Installations, 
Ltd. in Vancouver, B. C., Can. 


THOMAS R. KIRKMAN, formerly 
assistant chief engineer for the Conco 
Engineering Works in Mendota, IIl., 
is now plant manager for the Zero 
Mfg. Co. in Burbank, Calif. 


JERE T. FARRAH has been named 
assistant vice-president — engineering 
of Seaboard & Western Airlines, Inc. 
The post, a new one in the organiza- 
tion, will involve coordination of vari- 
ous branches of the engineering de- 
partment, which is being expanded to 
include performance, airframe, and 
powerplant engineering, Farrah, for- 
merly manager of the powerplant and 
accessory overhaul shop of American 
Airlines, Inc., in Tulsa, Okla., has been 
with Seaboard & Western since 1942. 


DANIEL CHIEGER has been ap- 
pointed director of engineering for the 
automotive divisions of Young Spring 
& Wire Corp. He will head the com- 
pany’s product development, tooling, 
and plant engineering projects in the 
automotive field. Chieger joined 
Young as a member of the metallurgy 
department in 1942, and has been in 
charge of sales engineering since 1955. 


GEORGE W. MICHEL, formerly an 
automotive engineer with Clark Equip- 
ment Co.’s Transmission Division, is 
now product supervisor for Yard-Man, 
Inc., Jackson, Mich. 


EUGENE 8S. LUBARSKY, formerly 
senior research engineer for the So- 
cony Mobil Oil Co., research and de- 
velopment labs in Paulsboro, N. J., is 
now staff engineer in the Product En- 
gineering Division of the company in 
New York City. He is responsible for 
present quality protection and future 
quality planning on motor gasoline 
and aviation fuels for the marketing 
department. 


FRED L. HALL, formerly division 
manager for the Fruehauf Trailer Co. 
in Boston, Mass., is now with the 
Trailer Division of Aerobilt Bodies, 
Inc., Athens, N. Y., a subsidiary of 
Grumman Aircraft Engineering Co. 
In his new position as general sales 
manager, he is engaged in the develop- 
ment of a sales and service organiza- 
tion for a line of new trailers. Hall 
has been an active member of SAE for 
25 years. 


R. C. CROSS, managing director, 
Cross Mfg. Co., Ltd., has been appointed 
chairman of the Automobile Division 
of the Institution of Mechanical En- 
gineers for 1957-1958. 


THOMAS BOWLING has been 
named to the new position of director 
of field support for turbine engines, 
Continental Aviation and Engineering 
Corp. He had been administrative as- 
sistant to the executive vice-president 
of the corporation. 


WILLIAM P. LEAR, SR., founder 
and chairman of the board of Lear, 
Inc., has been elected to the board of 
directors of Pacific Airmotive Corp. 
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O'Connell 


Keller Francis 


H. B. KULOSE, chief engineer of 
Huppower, a division of Hupp Corp. 
has been elected the first president of 
the newly formed American branch of 
the Society of German Engineers. The 
purpose of the branch is to “establish 


connections and cooperation in the 
engineering field among engineering 
societies and technical enterprises in 
the U. S. and Germany.” 


JAMES O’CONNELL has been ap- 
pointed chief inspector at Freightliner 
Corp.; prior to this he was maintenance 
research and development engineer 
with the corporation. 


JACK F. GREATHOUSE, new de- 
velopment supervisor, Engine Division, 
Mack Trucks, Inc., has won the John 
Woodman Higgins Redesign Award for 
1958. His new engine manifold design 
saves nearly 12 pounds in weight and 
40 per cent in cost. 


HARRY CUTHBERT has joined 
Hercules Motors Corp. as assistant 
chief engineer for the new line of air- 
cooled engines. Previously he was chief 
engineer of the Lycoming Industrial 
Engine Division of Avco Mfg. Co. 


THOMAS E. KARTISEK is now in 
field service and sales for Miehle- 
Dexter Supercharger Division of the 
Christensen Machine Co. Prior to this 
he was a project engineer with the 
division. 

CARL A. JACOBSEN continues with 
Miehle-Dexter as chief engineer. 


JERRY M. GRUITCH, director of re- 
search and development for the Ameri- 
can Car and Foundry division of ACF 
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Hutchinson 


Root Terry 


Industries, Inc., will assume the newly 
created post of director of defense 
products. He continues as advisor to 
the division’s research and development 
department. 


GLENN HERZ has been made chief 
engineer of the Hyster Co. Assistant 
chief engineer for the past five years, 
he has been with the company for 12 
years. 


BRUCE EDSALL has been made staff 
engineer in charge of transmissions, 
axles, propeller shafts, and brakes, for 


the Cadillac Motor Car Division of- 


General Motors Corp. Prior to his new 
position he was assistant staff engineer 
for the division. He replaces GEORGE 
L. ROTHROCK, who is retiring after 
33 years service with Cadillac. Roth- 
rock had been instrumental in the de- 
velopment of Cadillac’s power train. 


A. J. St. GEORGE, formerly manager 
of the Chicago branch of the Ensign 
Carburetor Co., has been appointed 
sales manager. He joined the com- 
pany in 1937 and will now make his 
headquarters at the company’s princi- 
pal offices in Fullerton, Calif. 

Succeeding St. George as Chicago 
Branch manager is GRANT W. 
KELLER, field engineer, who has served 
Ensign’s eastern clientele out of Chi- 
cago for the past ten years. 


HAROLD E. FRANCIS, former assis- 
tant chief engineer of Wright Aero- 
nautical Division, Curtiss-Wright Corp., 
has been named senior staff engineer 
of Chandler-Evans Division of Pratt & 
Whitney Co. 


ROLAND V. HUTCHINSON has re- 
tired as special assistant to CHARLES 
A. CHAYNE, vice-president in charge 
of the engineering staff, General Mo- 
tors Corp. A native of England, 
Hutchinson came to the U.S. in 1910; 
in 1916, he joined Dayton Metal Prod- 
ucts Co., which later became GM Re- 
search Staff. Until August, 1957, he 
was head of GM engineering staff's 
automotive ordnance section of vehicle 
development group. 


EARL R. FISH retires as chief engi- 
neer of the Machine Tool Division of 
Lipe-Rollway Corp., and has been 
named consulting engineer for the cor- 
poration. He is succeeded by ROBERT 
S. ROOT, who has been appointed chief 
engineer of both the Clutch Division 
and Machine Tool Division. Root 
joined W. C. Lipe Inc. in 1938 as a 
design engineer, and has been chief 
engineer of the Clutch Division of Lipe- 
Rollway since 1953. 


LeGRAND TERRY has been made 
district manager for the mobile section, 
Detroit office of Vickers Inc., a newly 
established sales department. Terry 
has been with Vickers since 1951 and 
most recently has worked in mobile 
product sales. 


CARLETON H. SWANSON, for- 
merly with the Clinton Machine Co., 
Maquoketa, Iowa, in an engineering 
capacity, is now production engineering 
manager for the Eaton Mfg. Co. in 
Battle Creek, Mich. 


RICHARD J. CRANE is now contract- 
ing officer and contract office head, 
Advanced Nuclear Bomber Weapons 
System Office, Directorate of Procure- 
ment and Production, Headquarters 
Air Materiel Command, Wright-Patter- 
son Air Force Base, in Dayton, Ohio. 
Prior to this he was contractor admin- 
istrator for Temco Aircraft Corp. in 
Dallas, Tex. 


CLAY BALLINGER, formerly works 
manager with the Marmon-Herrington 
Co. in Indianapolis, is now industrial 
management advisor with the United 
States Delegation to NATO and the 
Organization for European Economic 
Cooperation. 


W. HERMAN BARCUS, formerly 
manager of the Product Development 
Division of Sun Oil Co., is now man- 
ager of a new Research Service Divi- 
sion. Barcus has been with the com- 
pany nearly 30 years and became 
manager of the Product Development 
Division in 1953. He is succeeded in this 
position by ROBERT W. DONAHUE 
who has been with Sun since 1941 and 
was named section chief in 1953. 


RAYMOND J. TUSHAR has been 
made sales engineer for the Iron Fire- 
man Mfg. Co. Formerly he was sales 
engineer for the eastern district of 
Clevite Harris Products Co., Inc. 
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CHARLEY E. BENGTSSON has be- 
come chief engineer for International 
Harvester Maquinas, South America, in 
Sao Paulo, Brazil, where he will be in 
charge of the product engineering de- 
partment. Prior to this he was assis- 
tant chief engineer for the Interna- 
tional Harvester Co., of Great Britain, 
Ltd., in Doncaster, Yorkshire, England. 


DON W. MORRISON is now a me- 
chanical engineer with the Interstate 
Commerce Commission, Bureau of 
Motor Carriers, Section of Safety, in 
Washington, D.C. Prior to this he was 
with the St. Louis Division of Combus- 
tion Engineering, Inc. 


LOUIS GLIST, formerly real estate 
representative for the Shell Oil Co. in 
Seattle, is now sales supervisor for the 
company in Los Angeles. 


EDGAR J. van DYK has joined Con- 
trol Devices, Inc., as general manager. 
Formerly he was in sales engineering 
with the Detroit Diesel Engine Division 
of General Motors Corp. 


ALLAN G. SHEPPARD has become 
vice-president in charge of engineering 
and development for the American- 
LaFrance Corp. Prior to this he was 
director of engineering with the corpo- 
ration. 


WINTON J. PELIZZONI is now ex- 
ecutive engineer in the engine design 
department of Mack Trucks, Inc., and 
is in charge of all gasoline and diesel 
engine design and development. For- 
meriy he was assistant executive engi- 
neer with the corporation. 


LINWOOD W. WHITE is now parts 
manager with the Washington Factory 
Branch of Mack Trucks, Inc. Formerly 
he was service and parts manager with 
the Reo Division of White Motor Co. 
in Richmond, Va. 


ROBERT E. DILLING, formerly sales 
representative with E. W. Bliss Co., has 
joined Harron, Rickard & McCone Co., 
in the same position. 


ALF HUNDERE, formerly depart- 
ment chairman for the Southwest Re- 
search Institute, has become president 
of Alcor, Inc., San Antonio, Texas. 


FRANK W. CROOK is now with 
Sanders Associates, Inc., in Nashua, 
N. H., in systems marketing. Prior to 
this he was a sales engineer for Wright 
Aeronautical Division of Curtiss- 
Wright Corp. 


JOHN H. EATON has become a re- 
search assistant (student) in the Fluid 
Power Control Laboratory of the Mas- 
sachusetts Institute of Technology. 
Previously he was an experimental 
engineer with Pratt & Whitney Air- 
craft Division, United Aircraft Corp., 
in Florida. 
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JOHN W. WYATT, JR., formerly re- 
gional radio representative, Chevrolet 
Motor Division, General Motors Corp., 
Kansas City, Mo., is now district man- 
ager for the division in Memphis, Tenn. 


WILLIAM LUTHI, formerly product 
engineer, Standard Oil Co., has joined 
the Elco Lubricant Corp. as technical 
sales representative. 


The Parker Rubber Division and the 
Franklin C. Wolfe Division of Parker- 
Hannifin Corp. in Cleveland have re- 
cently been combined under the name 
of the Parker Seal Co. 

Administrative headquarters of the 
new division will be in Culver City, 
Calif., under the direction of PAUL F. 
SMITH, general manager. Smith had 
been general manager of the Franklin 
C. Wolfe Division. 

SCOTT A. ROGERS, assistant gen- 
eral manager of the new division, will 
continue in Cleveland with direct re- 
sponsibility for eastern operations. 
Formerly he had been manager of the 
Parker Rubber Division. 

T. J. McCUISTION, formerly sales 
manager of the Parker Rubber Divi- 
sion, will serve in the same capacity for 
the new division, with headquarters in 
Cleveland. 


ALBERT L. WEEKS has become di- 
rector of manufacturing with Cock- 
shutt Farm Equipment Ltd. Prior to 
this he was director of manufacturing, 
Massey-Harris-Ferguson Ltd., in Lon- 
don. 


CHARLES R. MILLER is now assis- 
tant to the sales manager with the 
National Refining Co., a division of 
Ashland Oil & Refining Co., in Cleve- 
land. Prior to this he was with Ash- 
land as a technical service engineer in 
Ashland, Ky. 


ERIC SCHWARZ has become sales 
manager with A. O. Smith Interna- 
tional, South America, in Caracas, 
Venezeula. Prior to this he was with 
the corporation’s International Divi- 
sion in Milwaukee, Wis. 


H. R. BOATMAN is now assistant 
superintendent, Chicago Division, serv- 
ice department, quality control, for the 
Inland Steel Co. Prior to this he was 
supervisor, bars, plates, and shape 
products, with Inland. 


J. TERRY TAYLOR is now with the 
B. F. Goodrich Tire Co. in Akron, Ohio, 
as Manager, product service and field 
engineering. Prior to this he was 
manager, fuel cell operations, for B. F. 
Goodrich Aviation Products in Los 
Angeles. 


PAUL E. HOVGARD, formerly vice- 
president of Kellett Aircraft Corp., has 
been named assistant to the president 
of Helio Aircraft Corp., and will make 
his headquarters in Pittsburg, Kan. 


RUSSELL H. WHEMPNER has been 
named western sales manager for the 
Minneapolis-Honeywell Regulator Co. 
He had been director of service engi- 
neering and sales manager for the 
Aeronautical Division since 1945. 


HARVEY R. SMITH, formerly vice- 
president, manufacturing, with Avro 
Aircraft, Ltd., Toronto, is now vice- 
president and general manager for the 
Dosco Steel Fabrication and Mfg. Di- 
vision, Dominion Steel and Coal Corp., 
Montreal, Quebec, Canada. 


PAUL G. HYKES, executive engi- 
neer, Budd Co., has been named presi- 
dent of the Tire and Rim Association. 


Obituari 


CLINTON R. BOOTHBY... (M’52) 
. .. Chief electrical engineer, the Elec- 
tric Auto-Lite Co... . joined the com- 
pany in 1938 .. . died Jan. 28 .. . born 
WE a2 8 


HERDIS G. ENGLISH ... (M’47) 

. . chief engineer, Ford Motor Co., 
transmission and axle group, product 
engineering office ... had been with 
the company since 1950... died Feb. 
20...born 1914... 


J. NELSON FREY... (A’53) ... 
specifications and test manager, 
Thomas & Betts Co... . had been with 
the company since 1947 .. . died Jan- 
uary ... born 1903... 


R. L. HUMBERT .. . (M’24) .. . re- 
search engineer, Kohler Co... . had 
been with the company since 1922... 
died Feb. 24... born 1891... 


J. CONRAD JOHNSON ... (A’49) 

. . president, Johnson Motor Sales, 
Inc. . . . started in the auto business 
1909 . . . operated Johnson since 1934 
... died Feb. 24... born 1892... 


GEORGE A. KOPATZKE ... (A’43) 
... branch manager, Wagner Electric 
Corp. .. . had been with Wagner since 
1921 ... died Dec 8... born 1904. ... 


ARTHUR G. MORAN ... (M’43)... 
automotive engineer, Code ES-36, 
Department of the Navy, Bureau of 
Ordnance .. . had been with the Navy 
Department since 1949 .. . died Mar. 4 
... born 1898.... 


VALDEMAR A. NIELSEN ... (M’16) 

. retired New England representa- 

tive for the Bear Mfg. Co. ... Past 

chairman, SAE New England Section, 

1924-25 .. . died Feb. 28 . . . born, 
Denmark, 1883 ... 


HOWARD K. PIKE... (M’46)... 
vice-president, maintenance and engi- 
neering, National Airlines, Inc... . had 
been with National since 1941 .. . died 
Feb. 21... born 1916... 





Over 60 Papers to be Printed 
In 1958 SAE Transactions 


HE 1958 SAE Transactions will be 

published in August, according to 
present production plans. It will in- 
clude over 60 papers presented at na- 
tional and section meetings of the So- 
ciety in the last year and a half. Any 
written and oral discussion of an au- 
thor’s presentation will be also printed 
with the paper. 

Prices of the book are: $3 to mem- 
bers, $7 to libraries and U. S. Govern- 
ment agencies, and $10 to nonmem- 
bers; foreign: $3 to members, $8 to 
libraries, and $11 to nonmembers. 

The papers approved thus far for 
publication by one or more of the 20 
Readers Committee include: 

“Fumigation Kills Smoke, Improves Diesel Per- 


eae M. Alperstein, W. 8B. Swim, 
and P. H. Schweitzer 


“Bifuel A roach to Burning Residual Fuels in 
Diesel att ts '"—by , Arnold, H. 
Beadle, L. Logelin, and H. D. Young 


“Valve Train Wear as Affected by Metallurgy, 
a roe and Lubricants’’—by Vin- 
J. B. Bidwell, A. C. Pilger, Jr., 

~—T R. x Williams 


“Aircooled Diesel Engine Appraisal"—by C. F. 
Bachle 


“Protective Atmospheres for High-Temperature 
ee ae Gee Cc. H. Bailey, S. S. 
aneo 


“Principles of Noise Reduction’’—by L. M. Ball 


“Continuous Radiotracer Monitoring Shows How 
Piston Rings Wear in Service’—by J. S. Batz- 
old, J. V. Clarke, and J. F. Kunc 


“The Air Coil Spring’—by W. S. Berry 


“Torque Converters Can Be Different'’—by J. B. 
Black and M. W. Dundore 


“Engineering the Edsel’’—by N. L, Blume 


“Shell Molded Cast Crankshafts’—by H. N. 
Bogart and H. C. Grant 
Associated with Hot Starting”’— 
. W. Bowditch and R. F. Stebar 


iui Cylinder Heat Transfer Design Criteria” 
—by D. H. Brown 


ane of Fuels—A Practi- 
Caplan and C. J. 


“Vapor Lockin 
cal Approac J. D. 
Brady 


“Automotive Exhaust Hydrocarbon Reduction 
durin Soe by Induction System De- 
vices”"—by H. H, Dietrich and Induction Sys- 
tem Task Group of Automobile Manufacturers 
Association 


“Chrysler Torsion-Aire enn eee the 
Board’’'—by ©. D. Diliman and R. R. Love 
ss Face Seals for Tope Final eet —_— 

by F Engelking and Cc. Keys 

sini in the eet of High-Strength 
Steel Alloys in the Design of Supersonic Air- 
Craft"—by A. F. Ensrud 

“Effects of Radiation on Materials”—by Michael 
Ference, Jr. 

“Determination of True Engine Friction’—by 
R. E. Gish, J. D. McCullough, J. B. Retzloff, 
and H. T. Mueller 

“Design Features of the New Ford Axle’’—by 
Bain Griffith 

“Large Lightweight Turbojet Engines’’—by C. A. 

inyer 
“1958 Chevrolet Level Air Suspension”—by K. H. 
Hansen, J. F. Bertsch, and R. E. Denzer 

“Tractor Hydraulics, Good Field, No Hit”—by GC. 

L. Hershman 

“The System of the MWM Balanced Pressure 
Precombustion Chamber for High-Speed Diesel 
Engines’"—by Hans L. Hockel 

“Visual Avoidance of Mid-Air Collisions’—by 
W. D. Howell and R. B. Fisher 

“The Chrysler Torque-Flite Transmission”—by 
S. D. Je and B. W. Cartwright 


“The Beam Strength of Modern Gear Tooth De- 
sign"’—by B. W. Kelley and R. Pedersen 


1958 SAE National Meetings 


e June 8-13 

Summer Meeting, 
Chalfonte-Haddon Hall, 
Atlantic City, N. J. 


e August 11-14 
West Coast Meeting, 
Ambassador, 

Los Angeles, Calif. 


e September 8-11 

Farm, Construction and 
Industrial Machinery, 
Production Forum, 

and Engineering Display, 
Milwaukee Auditorium, 
Milwaukee, Wis. 


e September 29-October 4 
Aeronautic Meeting, 

Aircraft Production Forum, 
and Engineering Display, 
Ambassador, Los iain, Calif. 


e October 20-23 
Transportation Meeting, 
Lord Baltimore Hotel, 
Baltimore, Md. 


e October 21-24 
Diesel Engine Meeting, 
Lord Baltimore Hotel, 
Baltimore, Md. 


e November 5-6 
Fuel and Lubricants Meeting, 
The Mayo, Tulsa, Okla. 


“Metallurgical Design Consideration for Precipi- 
tation-Hardening Steels up to 1200 F’’—by 
F. K. Lampson 


“Rear Axles—Today—Tomorrow”—by R. P. 
Lewis and L. J. O’Brien 


“Measurement of Gas Temperature in an Engine 
by the Velocity of Sound Method”—by J 
Unvengeod. Cc. F. Taylor, and P. C. Wu 


“Requirements, Parameters, and Design Consid- 
erations for Pneumatic Inlet Control Systems” 
—by R. E. Matzdorff and C Newberry 


“Turbocharging the Series 71 Engine’’—by J. J. 
May and V. C. Reddy 


“The Buick Air-Poise Suspension’”’—by F. R. Mc- 
Farland, E. C. Peckham, and E. Dietrich 


“Bio-Technical Aspects of Driver Satety — 
Comfort’—by R. A. McFarland and Gc. 
Domey 


“The Cadillac Frame—A New Design Concept 
oe cawer Cars’’—by S. L. Milliken and J. 
er 


“Designing with Steel for Lighter Aircraft’’—by 
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Missiles Advisory Committee Issues Newsletter 


O help acquaint members— and 

membership prospects—of SAE’s part 
in the missiles field, an “SAE Missiles 
Newsletter” has been issued by Frank 
Fink, Chairman of the Missiles Ad- 
visory Committee. 

“SAE Missiles Newsletter” includes 
items of general interest on the So- 
ciety’s program and plans linked to 
the many aspects of missiledom—com- 





Exhaust Studies 
Raise New Queries 


Based on paper by 


GILBERT WAY 
Ethyl Corp. 
and 


W. S. FAGLEY 
Chrysler Corp. 


N extensive survey in Los Angeles 

to measure exhaust emissions from 
a representative group of cars an- 
swered a good many questions ... 
and raised a good many more. It 
showed that there still are wide varia- 
tions in reported values. It showed 
also that reasons for the variations 
must be established before definite 
conclusions can be drawn about abso- 
lute hydrocarbons in exhausts. 

A study of reported values to deter- 
mine the area of greatest confidence 
in the data indicates CO and CO, data 
have the greatest accuracy. Compari- 
son with Orsat analyses shows reason- 
able agreement after correcting infra- 
red values from the wet basis to the 
dry basis. 

Airflow measurements also show 
reasonable values, but are not quite 
as accurate at low flows as desirable. 
The calibration deflection used kept 
high airflows on the chart and reduced 
the deflections correspondingly for low 
flows. 

Hydrocarbon data presents the same 
problem as the airflow data: Low con- 
centrations at cruise and acceleration 
have small deflections in order to re- 
tain the peak values during decelera- 
tion. 

Prior to the field survey and follow- 
ing it, a large amount of data was ob- 
tained in connection with other stud- 
ies. 

In general, data obtained in the lab- 
oratories by the various participating 
companies have indicated substantially 
lower emissions at cruise and idle than 
were observed during the field survey. 
In some cases, the values during these 
cycles have been % as large as those 
reported from the survey. 

Although considerable work has al- 
ready been done, no complete explan- 
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ation for these differences has been 
established. 

Several areas for further explana- 
tion are indicated. For instance, al- 
though the best sampling techniques 
known at the present time (for field- 
type tests) were used in the field sur- 
vey, there are some indications that 
the sampling system may be sensitive 
to ambient temperature. This is ap- 
parently caused by condensation and a 
degree of evaporation. The exact 
temperature at which this effect occurs 
has not yet been clearly defined. It 
had been thought that the presence of 
CO, in calibrating gas compensated for 
the analyzer’s response to CO, in Model 
28. Apparently this is not the case. 
Further study of water sensitivity is 
also indicated. None of these effects 
completely accounts for the differences 
between the field survey results and 
results obtained by individual members 
of the Committee for smog studies on 
other phases of the air pollution study. 


To Order Paper No. 11A... 
on which this articleis based, see p.5. 


Tractor Trends 


— Design, Cost, 
And Performance 


Based on paper by 
B. G. RICH 


and 
W. H. WORTHINGTON 
Deere Mfg. Co. 


INE tractor manufacturer notes the 

following trends in tractor design, 
performance, and cost: 

1. Tractor horsepower, weight, and 
drawbar pull are increasing. 

2. There is requirement to operate 
on gasoline, LP gas, and diesel fuels. 

3. Tractors are being adapted to a 
wider range of associated equipment, 
with greater usage of hydraulic con- 
trols, power take-offs, and with in- 
creasing demands upon loads, speeds, 
and work capacity. 


4. Items which contribute to com- 
fort, ease of handling, and operator 
convenience, even though they repre- 
sent a large part of tractor cost, are 
bs received, and many are indispen- 

5. The increased power requirements, 
wider use of more complicated hy- 
draulic equipment of greater capacity, 
independent power take-off, and de- 
mand for easier and more comfortable 
operation, result in higher tractor 
prices. Also, use of LP gas and diesel 
engines results in higher prices. 

6. Fewer farm tractors are required; 
as the work capacity and adaptability 
of individual tractors goes up, the 
working farm population decreases, 
and the size of individual farms in- 
creases. 

7. There is an increasing variety of 
tractors, and more selectivity by cus- 
tomers, to incorporate in each indi- 
vidual case the items of optional 
equipment necessary or desired, and 
eliminate those unnecessary or unde- 
sired, according to individual needs. 


To Order Paper No. 138... 
on which this article is based,see p.5. 


Turbocharged Diesels 
Still Have Far to Go 


Based on paper by 


BRUNO LOEFFLER 
and 


MERRILL C, HORINE 
Mack Trucks, Inc. 


(Presented before the SAE Southern California 
Section) 


URBOCHARGING of diesel engines 

is still in its infancy. Its further 
progress is beset with many problems; 
but as study and experience accumu- 
late, their solution seems certain. The 
principal objective is higher brake 
mean effective pressure, not at one 
point on the speed range but through- 
out the operating zone of speeds and 
with ever lower specific fuel consump- 
tion. 

To accomplish these results it will 
be necessary to have ever closer co- 
ordination between engine and turbo- 
charger design. The turbocharger 
must not be regarded as an accessory, 
but rather an integral component of 
engine design. We will never get far 
on the basis of conversion of normally 
charged engines to turbocharging. Pin- 
wheels, whether operating centripi- 
tally, as in turbines, or centrifugally 
as in blowers, are essentially efficient 
only under fixed conditions; whereas 
the requirement of automotive engines 
is that they must be efficient through- 





out a broad range. 

Possibilities of future development 
are the provision of adjustable nozzle 
rings, automatically compensating for 
changing exhaust volume and possibly 
similarly adjustable diffuser rings on 
the blower. To improve starting and 
accelerating performance, some means 
of changing the compression ratio in 
operation would be of great value, as 
well as a mechanical drive for the 
rotor, acting through an overrunning 
clutch, for starting, idling, and very 
light loads. 

Problems involved in injection also 
invite intensive study and experiment. 
Obviously, if any benefit in the way of 
increased power is to be gained from 
supercharging, it is necessary to pro- 
vide for increased maximum injection 
volume while still maintaining proper 
spray patterns at minimum output. 
This means either larger or a greater 
number of nozzle orifices or longer 
duration of injection. The latter 
seems the more attractive from several 
standpoints, particularly in modern 
swirl-type combustion chambers; for 
with larger or a greater number of 
orifices, it will be difficult to control 
the spray of minute quantities of fuel. 
Certainly, something would seem nec- 
essary to prevent overinjection in 
starting, acceleration, and idling. 


To Order Paper No. $53... 
on which this article is based, seep. 5. 


Vee Design Cuts Size, Lifts 
Based on paper by 
H. M. HIRVO 


General Metals Corp 


fe Enterprise RV-16_ stationary 
diesel with 17-in. bore and 21-in. 
stroke gives 43% more horsepower per 
square foot than a comparable 8-cyl 
inline diesel with 20-in. bore and 25- 
in. stroke. Its overall height is only 
12 ft, 4 in. 

Performance characteristics are 
given in Fig. 1. The lower curve shows 
that from 65 to 154 psi bmep, which is 
equivalent to 2250 to 5350 bhp, the 
specific fuel consumption is below 0.36 
Ib per bhp-hr. From 78 to 119 psi 
bmep, or 2750 to 4100 bhp, the fuel 
consumption is about 0.35 lb per bhp- 
hr. These figures were obtained from 
break-in runs of a production engine. 
Values as low as 0.345 lb per bhp-hr 
were obtained in laboratory tests. 

The middle curve shows exhaust 
temperature plotted against load. At 
about 5000 bhp, or 144 psi bmep, the 
temperature is 850 F. The top curve 
shows the peak pressure to be 775 psi 
at 145 psi bmep. 


To Order Paper No. $34... 
on which this articleis based, see p. 5. 


Turbochargers Encounter 
Oil Film Whirl Vibration 


Based on paper by 


Cc. N. FANGMAN 
and 


J. L. HOFFMAN 


Caterpillar Tractor Co 


pe of the causes of instability in 
diesel-engine turbochargers operated 
at high speed is oil film whirl vibra- 
tions. They are caused by hydrody- 
namic forces, and are largely depend- 
ent on the masses of the rotating 
assembly and bearing configurations. 

Ample quantities of oil in large clear- 
ance, sleeve-type bearings are helpful 
in supplying some damping action to 
reduce forced (out-of-balance) vibra- 
tions, but they also fulfill the condi- 
tions necessary for the existence of 
these oil film vibrations. Large ampli- 
tudes of vibrations can result, making 
effective sealing of the air and oil dif- 
ficult. 

Oil film whirl vibrations are basi- 
cally self-excited vibrations existing 
within the system because of pressure 
differences developed between opposite 
sides of a rotating shaft. As the center 
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Fig. 1— Performance 
characteristics of Enter- 
prise RV-16 diesel sta- 
tionary powerplant. En- 
gine is so compact it 
can be shipped assem- 
bled. 
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of the rotating assembly is displaced 
from the center of the bearing, it be- 
comes in fact a pump. When the pres- 
sure differences developed by this 
pump are great enough to drive the 
rotor around in its bearing clearances, 
the phenomena associated with oil 
film whirl vibrations are detected. The 
exciting forces, therefore, are the pres- 
sure differences developed by the 
pumping action. Obviously, the magni- 
tude of these forces required to cause 
oil film whirl are less when the rotat- 
ing assembly is lightly loaded in addi- 
tion to being light in mass. As higher 
rotating speeds are attained, the pump 
output is greater, hence, it is only logi- 
cal that oil film whirl phenomena have 
especially been observed in lightly 
loaded high-speed rotating machinery. 


Types of Oil Film Whirl Phenomena 


In a turbocharger system two general 
types of oil film whirl phenomena can 
exist. One of which, for the lack of a 
better word, could be called “cylindrical 
whirl.” Cylindrical whirl occurs when 
the whirl amplitude measured at one 
end of the rotating assembly is ap- 
proximately equal to the bearing clear- 
ances. Viewing the assembly from the 
side, the motion generated by the 
whirling assembly is a cylinder whose 
diameter is approximately equal to the 
bearing clearances. 

The second type can be defined as 
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“conical whirl.” The whirl amplitude 
measured at one end of the rotating 
assembly can, in this case, be many 
times greater than the bearing clear- 
ances, depending upon the extent of 
overhang of the rotating wheels or 
masses from their bearing supports. 
The whirl path generated is the result 
of a rotating assembly whirling in a 
cocked position within its bearing 
clearances. When viewed from the 
side, the whirling of the assembly 
would generate a cone whose maximum 
diameter at the end of the shaft not 
only depends upon specific bearing 
clearances but the extent of the over- 
hang of the wheels from the bearing 
supports. Conical whirl is extremely 
undesirable under these conditions 
since, in most turbocharger designs, at 
least in the present stage of develop- 
ment, seals used to keep the air out 
and the oil in are of necessity located 
outboard of the bearings. Large seal 
clearances have to be employed, which 
make it difficult, if not impossible, to 
obtain adequate sealing. 
Unfortunately, this type of whirl is 
by far the most prevalent, since it is 
generally the result of an overhung, 
2-mass system having vastly different 
masses and moments of inertia. The 
heavy end tends to lag the light end, 
resulting in the assembly whirling in a 
cocked position within its bearings. 
From this standpoint it would be de- 
sirable to have the mass and moment 
of inertia of the turbine wheel and the 
compressor wheel more nearly equal. 
From a system response standpoint, 
considering the temperatures on the 
hot turbine end and the density of the 
material that must be used, it is not 
very easy to obtain such a system. It 
is evident, therefore, that small bear- 
ing clearances would be desirable since 
the amplitudes of oil film whirl vibra- 
tions are a function of the clearances 
regardless of whether cylindrical or 
conical type oil film whirl occurs. 


The amplitudes of vibrations associ- 
ated with conical whirl have been ob- 
served to increase as the turbocharger 
speed increases, while the ratio of 
whirl frequency to the rotational speed 
decreases. This ratio will vary from a 
maximum of 0.5 to approximately 0.38. 
Under these conditions it would be 
conceivable that collapse of the oil 
film could result without unbalance 
present in the system, since the inertia 
force of the overhung wheel about the 
bearing centerline increases as it be- 
comes displaced further from the cen- 
terline of the benring at the higher 
whirl speeds. It is especially logical 
since the required force to collapse the 
oil film under these conditions may not 
be very great, because the rotating as- 
sembly is loading only a small portion 
of the oil film that is possible within 
the bearing length. 


To Order Paper No. 7A... 
on which this article is based, see p. 5. 


MAY, 1958 


Work Sampling—An 
Aid to Cost Control 


Based on secretary's report by 
W. L. BREESE 


Ryan Aeronautical Co. 


RK sampling provides a simple but 

relatively inexpensive tool for ac- 
quiring information and data upon 
which management can make sound 
decisions affecting costs and hence 
profits. 

Work sampling in its simplest form 
means taking random observations of a 
group of workers and noting whether 
they are working or idle. At the end 
of the day total your “working” and 
“idle” observations. If you have 80 
working observations and 20 idle ob- 


80 
servations your working time is 100 or 


80% and your idle time is a or 20%. 

This, it is true, is a sample, but based 
on the theory of probability the sample 
tends to have the same pattern of dis- 
tribution as the total from which the 
sample was taken if: (1) your sample 
was a random sample, and (2) your 
sample was adequate or ample in size. 

Now since sampling is a form of 
measurement, it is necessary to accept 
certain tolerances. A simple formula 
for determining the number of obser- 
vations required is: 


4(1-P) 


N=—$p 


where: 


P= % of activity 

S=Standard error of percentage or 
tolerance 

N=Number of observations required 


For S a figure of 5% is generally 
used as acceptable for satisfactory 
work sampling results. 

For 80% activity and 5% standard 
error: 


4(1-0.80) 


= (0.0025) (0.80) 
0.80 


= 0.002 


If we wish to use work sampling to 
set a standard, we have one more ele- 
ment to consider and that is “pace 
rating.” Here the observer must note 
whether the worker is working or idle 
and then, if the worker is working the 
observer notes the pace of each worker 
being observed. 

The weighted pace would be deter- 
mined as follows: 


30 at 70% = 21.00 
40 at 80% = 32.00 
30 at 90% = 27.00 


Total 100 80.00 


N 


= 400 observations 


80 = 80%. 
The pace would then be 755 r 


We can then use the following for- 


mula to determine the standard time 
per unit: 
Standard time per unit = 

(total time) (% activity) (% pace) 


total units produced 
+ allowance 


Also serving on the panel which de- 
veloped the information in this article 
were: L. K. Pratt, Ryan Aeronautical 
Co.; M. Creamer, Northrop Aircraft, 
Inc.; A. Hendricks, General Dynamics 
Corp.; M. C. O’Connor, Douglas Air- 
craft Co.; K. J. Mulleda, Lockheed Air- 
craft Corp.; E. F. Mellinger, Ryan 
Aeronautical Co.; and D. Darnell, 
North American Aviation, Inc. 


To Order SP No. 321... 
on which this articleis based, see p. 5. 


Future Performance Goals 
Set for Outboard Engines 


Based on talk by 
LOWELL E. HAAS 
Scott-Atwater Mfg. Co., Inc. 


(Presented before SAE Southern California 
Section) 


ERFORMANCE goals for future 

Scott-Atwater outboard engines are: 

e All moving parts must be capable 
of running 1000 hr at 4200 rpm, or 100 
hr at 5000 rpm. 

e Powerhead must pass a 200-hr lake 
test. 

e Magneto must function properly 
for 1000 hr at 4200 rpm with only one 
point adjustment at the end of 500 hr. 

e Plug life, as affected by electrode 
erosion due to magneto design, shall 
not be less than 50 hr. 

e Carburetors should operate a mini- 
mum of 1000 hr with no maintenance. 

e Fuel pump must operate without 

maintenance for a minimum of 1000 
hr at 4200 rpm. 
e Intake silencers must operate satis- 
factorily for 1000 hr at any speed up 
to 5000 rpm, with no failures from fa- 
tigue. 

e Electric choke must function satis- 
factorily for 200,000 cycles with no 
maintenance. 

e Electric starter motor, mounting 
brackets, starter solenoid, and ring 
gear must operate satisfactorily and 
with no maintenance for 30,000 2-sec 
starts. 

e Automatic Recoil Starter — All 
component parts must pass 30,000-cy- 
cle test on starter cycler. 

e Synchronous Control Mechanism 
— Twist grip and related mechanism 
must pass 1000-hr endurance test with 
no failure, loosening, or excessive wear 
of any functional parts. Mechanism 
must pass 200-hr lake test and static 





test that consists of applying 150-in.- 
lb. torsion to the twist grip handle. 

e Shrouds must pass both 1000-hr 
endurance run and 200-hr lake test 
without any failures. 

e Boat brackets must pass 1000-hr 
endurance run in addition to the 200- 
hr lake test and static test for breaking 
strength. Static breakage strength of 
boat brackets, regardless of size, must 
be equal to or greater than 300 in.-lb. 
torque applied to the clamp screw. 

e Pivot tube must pass 1000-hr en- 
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MEYER, R. G. GOLDTHWAIT. Paper 
No. 258 presented Nov. 1957, 18 p. 
Study by Gulf Research & Develop- 
ment Co., to determine effects of both 
factors on road performance at present 
approximate research octane level of 
premium gasolines; test fuels, cars, and 
test procedure; effect of sensitivity and 
hydrocarbon type and correlations of 
road ratings at max obtainable throttle 
opening; part throttle investigations. 


Road Rating of 100+0. N. Fuels in 
High Compression Ratio Cars, E. F. 
MARSHALL, C. 8S. GILBERT, Jr. Pa- 
per No. 259 presented Nov. 1957, 13 p. 
To obtain octane ratings above 100 oc- 
tane numbers, three different types of 
“future design” experimental engines 
at nominal 12:1 compression ratio level 
were used in test program carried out 
by Sun Oil Co. Research Dept; data on 
individual fuels used and road ratings; 
rating techniques used; correlations 
between laboratory and road ratings; 
effects of fuel composition and fuel 
sensitivity; rating problems encoun- 
tered. 


Laboratory Qualities as Predictors of 
Road Octane Number, I. A. CAPUTO, 
H. J. SEWELL, H. A. TOULMIN. Pa- 
per No. 260 presented Nov. 1957, 10 p. 
Using road and laboratory antiknock 
data obtained on 91 commercial pre- 
mium gasolines in five 1957 test cars 
and 16 prototype fuels in three high 
compression ratio cars, equations are 
developed which permit calculation of 
road octane number from knowledge of 
various combinations of laboratory 
qualities; relative importance of each 
laboratory variable in enhancing pre- 
diction equation is assessed. 


“Laboratory Octane Ratings — What 
Do They Mean?” R. B. FELL, H. F. 
HOSTETLER. Paper No. 263 pre- 
sented Nov. 1957, 12 p. Results of sev- 


durance run as well as 200-hr lake test. 

e Reverse lock mechanisms must 
pass both 1000-hr endurance and 200- 
hr lake runs. Reverse lock will also be 
tested for holding ability by shifting 
into reverse at excessively high speeds. 

eLower Motor Casing — Castings 
must pass 1000-hr endurance test with- 
out any failures. 

e Water pumps must pass 1000-hr 
endurance test running and pumping 
at full capacity. Pumps will also be 
required to operate 50 hr in silty or 


eral anti-knock studies to determine 
practical application of laboratory to 
road octane rating relationships, and 
effect of vehicles, and operating con- 
ditions on these relationships; results 
show that there is valid correlation be- 
tween laboratory and road octane rat- 
ings; equations developed to predict 
road performance from laboratory oc- 
tane ratings. 


Relationship Between Time, End-Gas 
Pressure, Temperature, and Knock, 
J. H. MacPHERSON, J. A. BERT, K. L. 
KIPP. Paper No. 3A presented Jan. 
1958, 14 p. Critical review of weak- 
nesses of past empirical correlations 
relating conventional engine operating 
conditions to occurrence of knock; test 
program conducted in Merz 17.6 cu in. 
displacement engine; methods for cal- 
culating end-gas conditions; analysis 
of test data; it is shown that time fac- 
tor must be considered to improve cor- 
relations. 


Effect of Fuel Injection on Knocking 
Behavior, A. E. FELT, D. L. LENANE, 
K. W. THURSTON. Paper No. 3B pre- 
sented Jan. 1958, 8 p. Validity of 
claims of reduced octane number re- 
quirement and improved fuel economy 
with fuel injection systems investigated 
by Ethyl Research Laboratories; test 
program involved comparisons of fuel 
injection and carburetion systems; re- 
sults show that fuel injection improves 
tetraethyl lead effectiveness over wide 
speed range. 


Measurement of Gas Temperature in 
Engine by Velocity of Sound Method, 
J. C. LIVENGOOD, C. F. TAYLOR, 
P.C. WU. Paper No. 3C presented Jan. 
1958, 28 p. Report on work at Mass 
Inst Technology concerned with proc- 
ess occurring in gases within cylinder; 
application of pulse method and equip- 
ment used; typical results; effect of en- 
gine variables and end-gas tempera- 
tures; temperature measurements to 
evaluate extent and character of heat 
losses during several phases of cycle, 
and losses due to noninstantaneous 
combustion. 


Field Survey of Exhaust Gas Com- 
position, G. WAY, W. 8S. FAGLEY. Pa- 
per No. 11A presented Jan. 1958, 34 p. 

Continued on page 114 


abrasive water and pass a 200-hr lake 
test. 


e Shift mechanism will be required 
to pass a 20,000-cycle shift run. 

e Lower unit will be required to pass 
1000-hr endurance run at 4200 rpm 
with no major failure. Lower unit 
must pass 200-hr lake run that includes 
impact tests. 

e Prop shock absorber hubs must be 
able to withstand “oak plant” tests. 


Diesel Performance 
To Advance Steadily 


Based on paper by 
DR. HERBERT H. HAAS 


Continental Aviation G Engineering Corp. 
(Presented before SAE Metropolitan Section) 


HE high-performance diesel engine 

will maintain its place as a highly effi- 
cient prime mover at least in the dec- 
ade to come. Here are some of the ad- 
vances to be anticipated: 

1. Bmep up to 250 psi through super- 
charging, preferably by exhaust turbo- 
charger. The trend is toward still 
higher bmep and 300-400 bmep is not 
beyond reach. 

2. High breathing capacity achieved 
by multiple of angle valve arrange- 
ments permitting piston speeds up to 
2400 fpm. Further increase in piston 
speed is likely to be moderate because 
of inherent friction, inertia, and 
breathing problems. 2600-fpm piston 
speed and an absolute speed of 3000 
rpm may be the limit for engines of 
600-1000-hp size. 

3. Ultimate rigidity and compactness 
of crankcase and crankshaft permit- 
ting combustion pressures up to 2000 


4. Extensive use of aluminum and 
high-strength alloy steels resulting in 
a specific weight of 4-5 lb per hp. The 
ultimate rigidity of the engine struc- 
ture must be high to withstand the 
pressures and loads in future engines, 
thus limiting the possible weight re- 
duction for a given engine size. 

5. A major breakthrough is mgre 
likely with fuel injection than with 
combustion. Systems like accumulator 
and pilot injection may deserve more 
consideration if a wide speed and load 
range is required. Combustion devel- 
opment toward controlled turbulence 
and vaporization rate may ease the 
task of the fuel-injection system at 
high speeds. However, satisfactory 
heat dissipation will set limits in this 
direction. Moderate improvement of 
turbocharger efficiency and blade ma- 
terials can be expected, and will sup- 
port essentially the trend for high 
bmep. 


To Order Paper No. S55... 
on which this article is based, seep. 5. 
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DURING A COLD SNAP 


of —5 F in Detroit, more than 50,000 
motorists — or 15% of those requiring 
the use of their cars — could not start 
their vehicles without help. One 
stranded was GMC Research Staff’s 
Theodore W. Selby, a speaker at the 
first joint Automotive Lubrication Con- 
ference of the CHICAGO SECTIONS 
of SAE and ASLE (March 11). Selby’s 
presentation was, appropriately enough, 
on low-temperature behavior of motor 
es 45 <6 

At the same meeting, Outboard 
Marine’s W. C. Conover said that 
87.9% of all U. S. power boats have 
outboard motors. In 1957, these boats 
consumed 259 million gallons of gaso- 
line and 13 million gallons of lubricat- 
ing oil. ... 

Contribution from three Standard 
of Indiana researchers: “Base oils add 
the largest increment to engine octane- 
requirement increase, viscosity-index 
improvers add less, and detergents and 
inhibitors add the least.” The re- 
searchers were M. L. Kilinowski, L. D. 
LaCroix, and R. A. Nejdl. 

In Minneapolis (TWIN CITY SEC- 
TION, March 12) the joint groups 
heard about the current status of gear 
lubrication from Monsanto’s T. P. 
Sands. 


To break the glaze, or not to break 
the glaze, that is the question. But the 
answers are varied — most piston ring 
manufacturers recommend that glaze 
breaking is not necessary — however 
rings don’t seat quickly against a 
smooth, glazed cylinder surface. A de- 
glazed, rough cross-hatched surface is 
best for quick seating — but improper 
cleaning procedures after deglazing 
cause premature ring and engine fail- 
ure. 
NEW ENGLAND SECTION Speaker 
J. O. Lutz (Wilkening Mfg. Co.) also 
stated that, in the final analysis, “If 
properly done, deglazing the cylinder 
wall assures the best opportunity for 
quick ring seating and immediate satis- 
factory engine performance.” 


Via the St. Lawrence River Seaway 
Project, the distance from Southamp- 
ton, England to Buffalo, New York, will 
be approximately equal to the distance 
from Southampton to NYC... and in 
the former case, goods will reach con- 
siderably farther inland before trans- 
shipment is necessary. (Ralph H. Gal- 
linger, chief of Construction Division, 
U. S. Army Corps of Engineers at 
BUFFALO SECTION, March 19.) In 
just two months, the Seaway’s main 
power and water phases will be ready 
for vessels of up to 14 ft drafts. 


Rambling . 


THROUGH THE 


GE’s H. M. Weber, Jr. told MO- 
HAWK-HUDSON SECTION members 
that the first stage engine for the Van- 
guard lifts the vehicle to a height of 
about 40 miles and accelerates it to a 
velocity of 3,000 mph; the second 
stage’s mission is to raise the vehicle to 
the satellite launch altitude, 300 miles, 
and accelerate it to a velocity of 9,000 
mph. The final increment is supplied 
by a solid rocket engine. (March 11). 


Without a hump in the floor, auto- 
mobile designers will have more imagi- 
native freedom and the public can look 
forward to more attractive and roomy 
car interiors. One way to attain this 
“hump-less auto,” GMC Research 
Staff’s W. H. Percival told MID-CON- 
TINENT SECTION, is with a free- 
piston powerplant. (March 7). 


Top driving honors were captured by 
Gordon Spenser in SAE Intercollegiate 
Safety-Economy Run, sponsored by 
NORTHERN CALIFORNIA SECTION, 
February 26. As part of the Section’s 
Student Meeting, 18 students and 5 
California colleges and universities 
participated in a 177.7 mile course 
through Alameda and Contra Costa 
counties. 

Spenser, SAE Enrolled Student at 
University of California, achieved the 
average of 64.9 ton-miles per gallon of 
gasoline and 25.06 actual miles per 
gallon. Sweepsteak Trophy for the 
best school average went to California 
Polytechnic College with a score of 53.1 
ton-miles per gallon. (In each case, 0.1 
ton-mile per gallon was deducted for 
any safety violation.) 

Second place individual winner was 
Fred Strange of U. of C. with 63.2 ton- 
miles and 25.6 actual miles per gallon 
of gasoline. Tied for third place were 
Jim Locke of California Polytechnic, 
and Henry Schade, Jr. of U. of C., with 
58.2 ton-miles per gallon. Locke and 
Schade also shared top honors in actual 
miles per gallon with a mark of 27.7. 

Participating schools, in addition to 
U. of C. and California Polytechnic, 


were Stanford University, College of 
San Mateo, and San Jose State College. 

The safety-economy run was fol- 
lowed by a tour of the Engineering 
Department of U. of C., after which 
Professor A. L. London of Stanford 
University gave a progress report on 
the compound piston-and-turbine 
family of engines. 

Congratulating Winner Spenser are, 
left to right, Frank McCord, General 
Petroleum Corp.; Spenser; Ralph H. K. 
Cramer, Section vice-chairman of Stu- 
dent Activities and coordinator of the 
Run; and Ron Frankis, California 
State Automobile Association. 


Pre-meeting discussion at CLEVE- 
LAND SECTION’S March 10 meeting 
included, left to right, speakers M. J. 
Tauschek, J. M. Cherrie, and A. K. 
Hannum, all of Thompson Products, 
Inc. 
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SECTIONS 


Keen competition sparks the eight 
teams in CLEVELAND SECTION’S 
Company Representative Plan... with 
quality rather than quantity stressed 
in new member applications. 

Increased incentive to exceed appli- 
cation quotas and surpass other teams 
comes monthly, when team ratings are 
printed in the Section’s “Junior Jour- 
nal.” 

The 42 member committee is divided 
with each team responsible for 25 com- 
panies, usually a few large concerns 
and the majority smaller companies. 


SAE’s Far-Eastern “ambassadors” 
currently are the MILWAUKEE SEC- 
TION Lecture Series papers — being 
translated for use by Japanese-speak- 
ing engineers. 

SAE member Usaburo Furubayski 
has requested permission to translate 
the series for his use as chief, aviation 
engine department, Fuji Motors Co., 
Toyoko ... and for the use of other 
engineers in Japan. 


Third meeting of the MILWAUKEE 
SECTION Lecture Series was attended 
by SAE President W. K. Creson, and 
featured a paper by co-authors E. S. 
Dahl of Marvel-Schebler Products Di- 
vision, Borg-Warner Corp., and W. E 
Meyer, professor of mechanical engi- 
neering, Pennsylvania State University. 
Subject of the paper was “Application 
of Fuel Injection to Spark Ignition 
Engines.” 

Left to right: W. E. Meyer; W. K. 
Creson; E. S. Dahl; and E. H. Pantho- 
fer, Milwaukee Section chairman. 
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By 1965, Russian industrial equipment and tech- 
niques can be expected to be comparable to those 
in the U. S.—and by 1970 possibly in a superior 
position — Ford’s Nevin L. Bean told members of 
the MID-MICHIGAN SECTION in March. 

Principals at the meeting were, left to right, Karl 
Schwartzwalder, Section Program Committee chair- 
man; Speaker Nevin Bean; SAE President W. EK. 
Creson; Section Chairman Philip B. Zeigler; and 
N. R. O’Hara, Section meeting chairman. 


Can a ballistic missile deliver an atomic bomb 
more effectively or more accurately than a B-52? 
. .. asked D. M. Heller of Bendix Missile Section 
at the South Bend Division, CHICAGO SECTION. 
It all depends, he answered, on: 


e tactical usefulness of all areas of weapon prog- 
ress; and 

e economic balance of increasing weapon system 
costs 


Warning — Heller said: too much enthusiasm over 
one particular weapon can be as dangerous as 
putting all your eggs in one basket... . 

Speaker Heller, right, demonstratively discusses 
his paper with Commander F. M. Sanger, Jr., left, 
and Ray A. Trapp of Bendix Products Division. 


Past-Chairman’s Night at 


SOUTHERN NEW 


ENGLAND SECTION featured J. C. Hamaker, Jr. 
of Vanadium Alloys Steel Co. and his paper on 
“High Strength Steels.” Past chairmen attending 
the meeting included, left to right, Claude O. 
Broders; Kenneth F. Thomas; Hans Hogeman; 
Roland K. Blakeslee (present chairman); Herbert 
W. Best; Richard C. Molloy; Chas. W. Phelps; David 
E. Waite; and Lester C. Lichty. 


mW 





March meeting of the ATLANTA 
SECTION was especially eventful... 
it played host to SAE President W. K. 
Creson who presented a charter to a 
newly installed Student Branch at 
Georgia Institute of Technology. 

Participants in the ceremony were, 
l tor, L. C. Malone, Section chairman; 
Bill Wild; Bruce Moore, Student 
Branch chairman; and W. K. Creson. 


1958 Thunderbird was the topic of 
the March 11 meeting of the DAYTON 
SECTION. L to r: Harlan Fengler, 
Aircraft Engine Division, Ford; Curtis 
P. Kelley, Section publicity chairman; 
F. J. Hooven, speaker from Ford; J. H. 
Overwein, Section chairman. 


“The Middle East—TIts Oil, Its 
People, and Its Influence,” was covered 
March 10 at the SOUTHERN CALI- 
FORNIA SECTION by Speaker Captain 
John C. Martin, U. S. Navy. Martin, 
center, and Commander Weiler, U. S. 
Navy, right, are greeted by Section 
Fuels and Lubricants Vice-Chairman 
J. F. Snider, left. 

Coffee Speaker was Roger M. Mahey, 
who discussed his round-the-world 
trip in a 1958 Ford. 


412 


Rambling ... 
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Continental Motors’ approach to fuel injection in business air- 
craft was discussed by their Quality Aircraft Division’s chief engineer 
— William A. Wiseman—at WESTERN MICHIGAN SECTION in 
March. 

Left to right: Elias W. Scheibe, senior engineer, GMC Diesel Equip- 
ment Division; L. W. Kibbey, applications engineer, Sealed Power 
Corp.; Speaker Wiseman; W. C. Chaffee, director of engineering, 
Bennett Pump Division, John Wood Co.; W. A. MacLaurin, indus- 
trial representative, Shell Oil Co. 


Greeting Speaker Dave Buell of Chrysler’s missile plant is Richard J. McHugh, 
faculty advisor of UNIVERSITY OF DETROIT STUDENT BRANCH... Buell 
spoke on “Guided Missile Problems” to the Enrolled Students at their February 
meeting. Left to right: Buell; McHugh; John A. Finnegan, Student Branch 
chairman; Eugene Barc, Branch secretary-treasurer; and William Haggerty, 
Student Branch vice-chairman. 
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SECTIONS 


Governing Board members of the MID-CONTINENT SECTION for the 1957- 
58 season, front row left to right: Cecil L. Cotton, arrangements; W. L. Thomp- 
son, vice-chairman; Harold T. Quigg, vice-chairman, Fuels and Lubricants; 
W. F. Ford, Section representative; F. E. DeVore, Section chairman; Enos W. 
Cave, placement; and Idan E. Flaa, secretary. 

Rear row, left to right: Warren A. Brown vice-chairman, Transportation and 
Maintenance; Wade M. Johnson, Section delegate; W. W. Schafer, program; 
J. L. McGinniss, reception; Leonard W. Okon, student; Howe Carey, publicity 


and field editor. 


secsscssecseesscceeseesecssesseseee SAKE SECTION MEETINGS 


ALBERTA 


May 16... Ladies Night. Al-San Club, 
Alberta. Dinner 7:30 p.m. Meeting 
8:30 p.m. Special Guest: SAE Presi- 
dent W. K. Creson. 


BALTIMORE 


June 21 ... Dinner-Dance. Gridiron 
Club, 6700 Block Loch Raven Blvd. 


BRITISH COLUMBIA 


May 26... Annual meeting. Members 
only. Film. Hotel Georgia. 


CENTRAL ILLINOIS 


May 26 ... Marion 70 cu. yd. Shovel. 
Pere Marquette Hotel, Peoria. Dinner 
6:30 p.m. Meeting 7:45 p.m. 


CHICAGO 


May 23... Ladies Night. Cocktails, 
dinner, entertainment, dancing. South 
Shore Country Club. Time 7:30. 


CINCINNATI 


May 26... Ollie James, columnist, 
“The Cincinnati Enquirer.” “Have a 
Sense of Humor.” Engineering Society 
Headquarters. Dinner 7:00 p.m. Meet- 
ing 8:00 p.m. 


CLEVELAND 


June 5... Annual golf outing. Elyria 
Country Club. 


COLORADO GROUP 


May 15... Fuels and Lubricants Activ- 
ity Meeting. 


INDIANA 


May 15... Harlan Fengler, chief stew- 
ard, Indianapolis “500” Race. “The 
500 Mile Race.” Indianapolis Athletic 
Club. Dinner 7:00 p.m. Meeting 8:00 
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p.m. Special Guests: Tony Hulman, 
owner “500” Race Track; Tom Binford, 
president US Automobile Club; Duane 
Carter, director of competition, USAC. 


KANSAS CITY 


May 15... Field Trip. Mid-Continent 
International Airport. TWA Overhaul 
Base. Dinner 7:00 p.m.; meeting 8:00 
p.m. 


METROPOLITAN 


May 15... H. S. Kelly, Socony Mobil 
Oil Co. “What Do the Gas Economy 
Runs Prove?” Roger Smith Hotel, 
Lexington Ave. & 47th St., New York 
City. Luncheon 12 Noon. $3.00 in- 
cluding tip. 

May 23 .. . Spring Dinner-Dance. 
Sleepy Hollow Country Club, Scarbor- 
ough-on-Hudson, New York. Special 
Feature: 12 Noon, golf, tennis, riding, 
trap, cards, softball and horseshoe 
pitching. Sponsored cocktail hour 6:45 
p.m. Dinner-Dance 7:45 p.m. Prizes. 
$7.50 per person. 

May 27 ... Fuels & Lubricants Activity 
Meeting. C. R. Noll, Gulf Oil Corp. 
“New Gear Lubes.” Henry Hudson 
Hotel, 57th St. & 9th Ave., New York 
City. Meeting 7:45 p.m. 


NEW ENGLAND 


June 2... Annual Outing at Woodland 
Country Club, Newton, Mass. 


NORTHERN CALIFORNIA 


May 28... Field trip to Hamilton Field, 
Marin County. Special Guest: SAE 
President W. K. Creson. 


NORTHWEST 


May 23 ... President’s Night. SAE 
President W. K. Creson will be the 
guest of honor. New Yorker Cafe, Ta- 
coma. Dinner 7:30 p.m. Dancing. 


OREGON 


May 26 ... SAE President W. K. 
Creson. “Steering of Modern Automo- 
tive Vehicles.” 


PITTSBURGH 


May 22... Annual Pilgrimage to Oil 
City. Afternoon golf. Speaker will be 
a representative of the National Auto- 
mobile Dealers Association. Wanango 
Country Club, Oil City. Dinner 6:30 
p.m. Meeting 8:00 p.m. 


ST. LOUIS 


May 13 ... Larry Burgess, assistant 
chief engineer, highway, Mack Truck 
Co., Inc. “Bulldog Convoy in the Arc- 
tic.” Congress Hotel. Dinner 7:00 
p.m. Meeting 8:00 p.m. 


SOUTHERN CALIFORNIA 


May 19... Ross F. Miller, chief engi- 
neer, Northrop Aircraft, Inc. “A Sys- 
tems Approach to Interplanetary Navi- 
gation.” Rodger Young Auditorium, 
936 W. Washington Blvd., Los Angeles, 
Calif. Dinner 6:30. 


SPOKANE-INTERMOUNTAIN 


May 21 ... Student Meeting, Wash- 
ington State College, Student Union 
Blidg., Pullman, Wash. Guest Speaker: 
SAE President W. K. Creson, “‘Tomor- 
row’s Engineer.” 


WESTERN MICHIGAN 


June 7... Ladies Night. Dinner- 
Dance. Place: Prospect Point. 


WILLIAMSPORT 


May 29... Ladies Night. Williamsport 
Country Club. Cocktails 6:00 p.m. 
Dinner 6:30 p.m. 
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SAE PAPERS 


Continued from page 108 


Report of CFR Group on Composition 
of Exhaust Gases describes operations 
and results of field survey conducted in 
Los Angeles from Nov. 5—Dec. 7, 1956; 
purpose of test was to measure exhaust 
emissions from group of cars during op- 
erating conditions encountered in met- 
ropolitan driving; instrumentation and 
test equipment; data handling and 
procedures; presentation of results; 
tables; graphs. 


Application of Continuous Infrared 
Instruments to Analysis of Exhaust 
Gas, B. M. STURGIS, W. F. BILLER, 
J. W. BOZEK, S. B. SMITH. Paper No. 
11B presented Jan. 1958, 20 p. Prog- 
ress report on successful use of two 
analyzers to study effect of engine var- 
iables on exhaust gas composition; de- 
scription of Model 15A Liston-Becker 
Infrared Analyzer applicable to analy- 
sis of hydrocarbon component of ex- 
haust gases, and Model 28 Liston- 
Becker Exhaust Gas Analyzer which is 
3-channel instrument designed to ana- 
lyze exhaust gas simultaneously for hy- 


To meet your 


it $25 hah power se 


drocarbons, carbon monoxide, and car- 
bon dioxide. 


Application of Gas Chromatography 
to Analysis of Exhaust Gas, R. W. 
HURN, K. J. HUGHES, J. O. CHASE. 
Paper No. 11C presented Jan. 1958, 13 
Pp, appendix 17 p. Report of accom- 
plishments by Bartlesville Station, Bu- 
reau of Mines during 18-mo project to 
develop method for analyzing hydro- 
carbon content of exhaust gas using gas 
liquid partition chromatographic tech- 
niques; test program; exhaust gas 
sampling and transfer; obtaining 
chromatograph; recovery of fractions 
from chromatograph; recommenda- 
tions. Apparatus and performance 
evaluations described in appendix. 


Passenger Car Trends Affecting Fuels 
and Lubricants, E. M. JOHNSON, C. W. 
MORTENSEN. Paper No. 12A pre- 
sented Jan. 1958, 24 p. Design and 
performance trends of automobiles, 
with emphasis on recent changes; re- 
sulting modification in fuel and lubri- 
cant requirements; anti-knock per- 
formance, surface ignition and vapor 
lock tendency; increased severity of 
crankcase motor oil requirements in 
connection with valve train problems; 
transmission fluids; trends in lubricant 
requirements with regard to rear axles, 
chassis components and accessories. 


Diesel Lubes — Series What? E. M. 
JOHNSON, H. V. LOWTHER. Paper 
No. S60 presented Feb. 1958, (Metro- 
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In selecting an engine for your kind of equipment, it’s 
a power unit that is neither over- 


good sense to pick 
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4-cycle single cyl., 
3 to 12% hp. 


powered nor under-powered for the job. 


The Wisconsin line of Heavy-Duty Air-Cooled En- 
gines offers a complete power range from 3 to 56 iP 
in 4-cycle single cylinder, 2- and 4-cylinder mod 
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this broad bracket. 
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heavy-duty de-  2.cytinder 10 to 18 hp. 


sign and construction in all details; basic high torque 


engineering ormance, 


dependable, trouble- 


free air-cooling at all temperatures from low sub-zero 
to 140° F.—plus exclusive specialization in the manu- 
facture of air-cooled engines, backed by more than 


2,000 approved service stations. 


You can recommend and specify Wisconsin Heavy-Duty Air- 


Cooled Engines with confidence in your good 


judgment. Write 


for copy of engine bulletin S-223 and Bulletin S-198 (roster of 
Wisconsin distributors and dealers, world-wide). 
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politan Meeting) 19 p. Current re- 
quirements and specifications of auto- 
motive diesel engine oils are reviewed 
with reference to U. S. Army specifica- 
tion Mil-L-2104A, Mil-L-9000D (Navy), 
and Caterpillar Tractor Co.’s Series 2 
and 3; performance of lubricants and 
role of base stock and chemical addi- 
tives in handling contaminants and 
debris which may cause excessive de- 
posits and wear; future trends. 


Carburetor Evaporation Losses, J. T. 
WENTWORTH. Paper No. 12B pre- 
sented Jan. 1958, 12 p. Study of meas- 
urement of fuel lost through external 
float bowl vents of some current car- 
buretors; test results from five cars 
presented and correlated with carbure- 
tor temperature, fuel volatility, and 
vent design; how results are related to 
air pollution, idling performance and 
fuel economy. 


GROUND VEHICLES 


Dynamometer Testing in Engine 
Service Shops, G. R. MACKEY. Paper 
No. S827 presented Nov. 1957 (Spok- 
ane-Intermountain Sec.) 14 p. Dyna- 
mometer test program for dealers and 
distributors, devised by Clayton Manu- 
facturing Co., El Monte, Calif., for 
Service departments to promote better 
service conditions; typical service op- 
eration is analyzed to show improve- 
ments that can be expected in shop; 
details of program and benefits to be 
obtained which will eliminate many 
serious weaknesses in engine service. 


Automotive Design Trends, L. M. 
FORBUSH. Paper No. 826 presented 
Oct. 1957 (Mohawk-Hudson Sec.) 5 p. 
At General Motors, Engineering Staff 
for long range development work con- 
sists of four groups, i.e.: Vehicle, Struc- 
ture and Suspension, Transmission, 
and Power Development Group; ex- 
amples of work done on new body ma- 
terials, manufacturing economics of 
materials, GM fuel injection system, 
special automatic transmissions in mil- 
itary tanks and ordnance vehicles, etc; 
functions of Automotive Ordnance 
Group. 


Dragnet for Defects — Proving 
Ground Operation, H. M. BEVANS. 
Paper No. S47 presented Feb. 1958, 
(Metropolitan Sec.) 8 p. Feature of 
Chrysler’s 4000-acre testing area near 
Chelsea, Mich., which provides facili- 
ties for endurance operation simulat- 
ing as many conditions as possible; 
these range from smooth road; of 
blacktop and concrete to very rough, 
broken surfaces and gravel including 
various grades and curves; testing 
techniques applied to various compo- 
nents. 


Daimler-Benz Swing Axles, H. 
SCHERENBURG, R. OHLENHHAUT, 
J. MULLER. Paper No. 10B presented 
Jan. 1958, 20 p. Theoretical analysis of 
behavior during curves considers rigid 
axle, normal jointed and single joint 
swing axles, and for comparison de 

Continued on page 116 
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HEAVY-DUTY TRUCK 
AXLES THRIVE ON 
HY-ROLLS 


Sectional view of SLD axle shows 
HYATT Hy-Roll Type R-1212-TS at 
the important straddle pinion 
position. It is one of several 
HYATTS used in Timken-Detroit 
double reduction tandems. 


TIMKEN-DETROIT SPECIFIES HYATT HY-ROLL 
BEARINGS FOR SLD, SLDD TANDEM AXLES 


These rugged Timken-Detroit top mounted tandems, with straight line drive 


through double reduction gears, are earning a reputation for dependability and 
parts interchangeability which keeps downtime and maintenance costs very low. 


Typical of the top-quality components that fo into these axles are HYATT 
cylindrical roller bearings, chosen for their ability to carry extremely heavy radial 
loads without restricting lateral movement, and their ease of ical an 
disassembly. Timken-Detroit Division of Rockwell Spring and Axle Company, 
like other leaders in the industry, depends on HYATT engineering and production 
know-how for the best in bearings. So can you! Hyatt Bearings Division, 

General Motors Corporation, Harrison, New Jersey; Detroit; Chicago; 
Pittsburgh; Oakland, California. 


THESE LEADING COMPONENT MANUFACTURERS ALL USE HYATT BEARINGS: 


%& CLARK EQUIPMENT COMPANY % DANA CORPORATION 
(transmissions and axles) (Spicer transmissions) 


%e EATON MANUFACTURING COMPANY & FULLER MANUFACTURING COMPANY 
(axles) (transmissions) 


%e ROCKWELL SPRING AND AXLE COMPANY 
(Timken-Detroit axies) 


THE RECOGNIZED IN CYLINDRICAL BEARINGS 
FORWARD FROM FIFTY 


YAT Hiy-ROLL BEARINGS 
FOR CARS AND TRUCKS 
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Dion axle, and DB series single joint 
swing axle, type 220 A; equations show 
that wheel load difference on rear axle 
depends on position of center of gravity 
above road surface and of instantane- 
ous center of rear axle; structure of 
various axles and their suspensions. 


Citroen DS-19: Its Design, Construc- 
tion and Performance, J. R. BOND. 
Paper No. 10A presented Jan. 1958, 16 
p. Front wheel drive arrangement, 
combined with close-coupled power 
unit assembly, is primarily responsible 
for excellent seating layout; tabulation 
of weight distribution which varies 
with passenger load; 4-cyl engine has 
3.07 X 3.94 in. bore and stroke, and com- 
pression ratio 7.50; independent sus- 
pension used at both ends; central hy- 
draulic system consists of single-high 
pressure pump and accumulator; per- 
formance. 


Matching Car Structure to Stylist’s 
Concept, P. KYROPOULOS. Paper No. 
4B presented Jan. 1958, 19 p. Aspects 
of morphology of automobile; struc- 
ture, meaning body and chassis or their 
combination, discussed; possible varia- 
tions of body and chassis and their 
combination into “integral” construc- 
tion; it is pointed out that car struc- 
tures must be designed for limited 
deflection, and that under these condi- 
tions, use of light alloys does not neces- 
sarily result in weight saving. 


Style is More Than Skin Deep, R. F. 
McLEAN. Paper No. 4A presented Jan. 
1958, 16 p. Consideration of funda- 
mental factors underlying automobile 
styling; three basic elements of systems 
approach are task of car, its perfor- 
mance, and its cost; layout of passen- 
ger compartment; provision of space 
for mechanical components; arrange- 
ment of these elements in exterior form 
efficient from aerodynamic and pleas- 
ing from esthetic viewpoint is consid- 
ered as most fundamental problem in 
design of car. 


Engineering Edsel, N. L. BLUME. 
Paper No. 830 presented Oct. 1957 (De- 
troit Sec.) 23 p. Account of engineer- 
ing story of Ford’s medium priced car 
“Edsel”; preliminary studies included 
sales and marketing research, package 
studies and establishing of basic di- 
mensional limitations; design details 
such as steering wheel location; instru- 
ment and panel motion study; speed 
warning light and power steering op- 
eration; 3-stage cooling system; dual 
range transmission; air suspension; 
specifications of E-400 engine in 
Ranger-Pacer and E-475 in Corsair- 

Continued on page 118 
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Cross section shows how a 


How Ford packs reliable power | torinetonneecie Bearingand 


a Needle Thrust Bearing han- 


1 die high radial and thrust 
into a small space loads in minimum space in 
: Ford’s hydraulic piston pump. 
Most models of Ford Tractors are equipped with a hydraulic piston 
pump to raise and lower implements and provide accessory power. 
The design incorporates Torrington Needle Bearings and the new Needle 
Thrust Bearing for compact size and reliable performance. 
The gear-driven pump employs six pistons which are wobble plate 
actuated. The main drive shaft, on which the wobble plate is mounted, 
is supported by a Needle Bearing. The thrust load of the hydraulic pistons 
is carried by a high capacity Needle Thrust Bearing. 
This is one of many automotive and farm equipment applications 
where Torrington Needle Bearings are being used to assure efficient anti- 
friction performance with maximum capacity in minimum space. See 
your Torrington representative about adapting their benefits to your 
equipment. The Torrington Company, Torrington, Conn.—and South 
Bend 21, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


NEEDLE - SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + NEEDLE ROLLERS - BALL + THRUST 


SAE JOURNAL, MAY, 1958 117 





Continued from page 116 
Citation series; tests. 


Practical Methods for Car Noise Re- 
duction, R. H. BOLLINGER, H. N. Mc- 
GREGOR. Paper No. 2B presented 
Jan. 1958, 10 p. Principles of noise 


(a ree 
TAPPETS 


control applied to Ford cars; period 
noise distinguished on basis of its fre- 
quency, amplitude and whether or not 
it is torque sensitive; sources of back- 
ground noise are wind, road, engine 
machinery, fan and driveline bearing 
noise; laboratory tests and methods 
used to determine service performance 
by measuring car noise under actual 
driving conditions. 


Air Coil Spring—New Factor in 
Rambler Suspension, W. S. BERRY. 
Paper No. 9B presented Jan. 1958, 12 p. 
System using airsprings at rear wheels 
only is based upon analysis of effect of 
extreme load on weight distribution; 


Johnson Hydraulic Tappets are 
dependable and are of the high- 
est quality, both in materials 


and in workmanship. 


Johnson also makes a variety 
of other styles of tappets, bar- 
rel type and mushroom, of 
various materials, to suit the re- 


quirements of your engines. 


Let us assist you in the development 
of the tappets for your new engines. 


"'Tappets are our business’’ 


JOHNSON Jp. PRODUCTS 


INC. 


mUSKEGONRN, 


es 


Goodyear..Rolling..Lobe Air Spring, 
made with neoprene, is designed to go 
inside rear coil spring, thus paralleling 
characteristics of air spring with steel 
coil spring; arrangement and principal 
function of single leveling valve; dyna- 
mic testing machine and testing of roll- 
ing lobes; curves. 


Oldsmobile New-Matic Ride, R. W. 
PERKINS. Paper No. 9E presented 
Jan. 1958, 10 p. New-Matic Ride chas- 
sis includes in addition to new frame 
following components in suspension 
system: 4-link rear suspension; dia- 
phragm type air springs, height control 
valves, air compressor, oil and moisture 
separator, high and low pressure tank, 
pressure regulator and elevator valve 
unit and copper air lines throughout; 
details of components; leak testing and 
inspection procedure; schematic dia- 
gram; load deflection curve. 


1958 Chevrolet Level Air Suspension, 
K. H,. HANSEN, J. F. BEKTSCH, R. E. 
DENZER. Paper No. 9D presented Jan. 
1958, 10 p. To realize lowest ccest to 
customer, full coil suspension was 
adopted with air spring assembly hav- 
ing same shape and fastening as con- 
ventional springs; details of four air 
spring assemblies; integral with each 
of three of units is leveling valve which 
automatically controls vehicle height at 
all times; two leveling valves used in 
front, and single valve in left rear; air 
distribution; compressor; leveling op- 
eration. 


Ford Approach to Air Suspension, 
C. F. O’SHEA, Paper No. 9C presented 
Jan. 1958,14p. System is composite of 
number of systems studied and consists 
essentially of air supply system, control 
system, air springs, and suspension 
structural components; front air spring 
unit has four basic parts: rubber dia- 
phragm, support sleeve, piston, and 
upper seat and air pipe assembly; de- 
tails of rear unit; diagrams and spring 
rate curves. 


Buick Air-Poise Suspension, F. Mc- 
FARLAND, G. PECKHAM, E. DIE- 
TRICH. Paper No. 9A presented Jan. 
1958, 10 p. Outline of General Ar- 
rangement and Elements; construction 
of airsprings embodies diaphragm of 
2-ply nylon cord design, rubber-coated 
inside and outside, which fits into outer 
rim of metal container; details of con- 
trol system; advantages. 


New Commercial Vehicle Concepts 
Possible with Air Suspension, D. J. La- 
BELLE. Paper No. 241 presented Nov. 
1957, 11 p. Attempt made to develop 
new concept of heavy-duty highway 
tractor by taking advantage of benefits 
air suspension offers; its influence on 
principal components such as: tires, 
wheels and hubs, axle housings, frame, 
miscellaneous brackets, and cab and 
sheet metal; use of such materials as 
aluminum, magnesium and fiberglass- 
reinforced plastics; stress comparison 
curve between leaf and air spring. 

Continued on page 123 
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XXVII This is the twenty-seventh of a series of advertisements deal- 


ing with basic facts about alloy steels. Though much of the 
information is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 


Cold-Finishing of Alloy Steels: 
The Effect of Cold-Drawing 


The cold-drawing of alloy bars was 
discussed in the advertisement prior 
to this one, No. XXVI in the series. 
Here, we continue with a general 
explanation of the effect of cold- 
drawing. 

During the cold-drawing process, 
certain changes take place in the 
steel structure, and in mechanical 
properties. There is a slight increase 
in tensile strength, compared with 
a substantial increase in yield point, 
and a decrease in ductility. These 
properties enable the production of 
small parts which require the greater 
strength necessary for certain auto- 
matic-machine forming operations, 
and a machine finish superior to 
hot-rolled material. Naturally, the 
beneficial effects of alloy steels are 
attained in the subsequent heat- 
treatment of parts. 

The process of cold-drawing re- 
sults in bars which are free from 
scale, accurate to shape, and within 
close tolerances. These conditions 
are ideal for automatic machining, 
as the elimination of scale is con- 
ducive to long tool life, and the 
accuracy of shape and close toler- 
ances permit the bars to pass freely 
through the feed mechanism of the 
‘‘automatic.’’ Moreover, the cold- 
drawn finish and tolerances may be 
such that machining can be elimi- 
nated in some areas of the finished 
part. For example, sparkplug shells 
are produced from hexagon bars 
which require no machining on the 
hexagon sections. 

Continuous roller hearths and car- 
bottom furnaces of both standard 
and controlled-atmosphere types, 
are used for special treatment of al- 
loy bars before cold-drawing.. Ther- 
mal stress-relieving can be used to 
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reduce residual stresses in the steel 
caused by the cold-drawing process, 
wherein the mechanical properties 
will be altered depending upon the 
temperature used. 

If you would like more specific 
details about the chemical compo- 
sition or mechanical properties of 
cold-drawn alloy bars, and the re- 
sults that can be expected, by all 
means consult our technical staff. 
Bethlehem metallurgists will gladly 
help you work out any problem, 
without cost or obligation on your 
part. 

In the next advertisement, No. 
XXVIII in this series, the second 
category in cold-finishing will be 
discussed, i. e., the turning and 
grinding of alloy steel bars. 

Remember that Bethlehem pro- 
duces a wide and complete range 
of cold-drawn alloy steel bars in 
rounds, hexagons, squares, or flats, 
in standard, odd, decimal or metric 
sizes required, as well as special 
sections. Bethlehem also makes the 
full range of AISI standard alloy 
steels, and special-analysis steels 
and all carbon grades. 


If you would like reprints of this series of adver- 
tisements from No. I to No. XX VII, please 
write to us, addressing your request to Publica- 
tions Department, Bethlehem Steel Company, 
Bethlehem, Pa. The first 27 subjects in the series 
are now available in a handy 40-page booklet, 
and we shall be glad to send you a free copy. 


BETHLEHEM STEEL COMPANY 


BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 





Albee Rolligon covers world’s roughest 


Six individually powered, high-traction pneumatic rollers carry the Albee Rolligon most 
anywhere, imposing a ground load of only 5 psi at 21,000 Ibs. G.V.W. Designed and built 
for dependable, off-the-road operation by Albee Rolligon Co. of Monterey, Calif., the ARC 
uses 54 feet of leakproof Bundyweld for vital fuel and hydraulic lines. And its powerful 
V-8 engine uses additional lengths of dependable Bundyweld for fuel and oil lines. 


SR Mae ns ae ee Se en ea ae SS Le eS 


BUNDYWELD IS DOUBLE-WALLED FROM A SINGLE STRIP 


NOTE the exclu- 
sive Bundy-de- 
veloped beveled 
edges, which af- 
ford a smoother 
, ; joint, absence of 
Bundyweld starts as continuously rolled passed through a fur- Bundyweld, double- . en eee bead, and less 
@ single strip of twice around later- nace. Copper coating walled and brazed i chance for any 
copper-coated steel. ally into a tube of fuses with steel. through 360° of c leak 
Then it’s... uniform thickness, and Result... wall contact. akage. 
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terrains . .. keeps lifelines leakproof 
with Bundyweld Tubing 


... the extra-strong, leakproof steel tubing that’s 
double-walled from a single strip of metal and 
copper-bonded through 360° of contact 


Albee Rolligons rough it with seven-ton pay- 
loads—off-the-road where other haulers can’t 
go. Every part must stand up against the 
vibration and shock of going up “impossible” 
grades, over jagged rocks or sand. 

Bundyweld Tubing is used for fuel and 
hydraulic lifelines — and for fuel and oil 
lines in its mighty V-8 engine — because 
Bundyweld supplies more strength and reli- 
ability where it is needed. 

Leakproof by test, Bundyweld Tubing 
withstands heavy vibration fatigue, is de- 
pendable in the most taxing performance 
conditions. Stronger, yet thinner-walled, it 
withstands wear that ruins most tubing. 
That’s why Bundyweld is used in 95% of 
today’s cars for oil and hydraulic lines —in 
an average of 20 applications each! 

You can count on strength and depend- 
ability when you use Bundy Tubing in your Expert fabrication service for every tubing need 


products. So take advantage of Bundy’s Rs ; “ } i 
pecial services: rld’s finest tubing-f 2 typical automotive tubing parts are just samples o 
" ti me ea a rie ce a — — how Bundy can fabricate leakproof Bundyweld Tubing — 
COLOR IRCIEIES; GRPSTS SPCHemE REETERCe; at low cost—into a great variety of complex shapes. 


and prompt, on-schedule delivery. And each has the strength and durability that makes 
For more information, write or wire today! Bundyweld Tubing famous! 


BUNDY TUBING COMPANY, DETROIT 14, MICHIGAN 
WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING © AFFILIATED PLANTS IN AUSTRALIA, ENGLAND, FRANCE, GERMANY, AND ITALY 


There’s no real substitute for 


BUNDYWELD. TUBING 


Bundy Tubing Distributors and Representatives: Northeast: Chas. H. Stamm, 10 N. Main St., West Hartford, onn.; Austin-Hastings Co., Inc., 226 Binney Street, Cambridge 

42, Mass. @ Middle Atlantic: Atiantic Tube & Metals, inc.; 451 New Jersey State Highway #23, Wayne, N. J.; Rutan & Co., 1 Bala Ave., Bala-Cynwyd, Po. © Midwest: 

Lapham-Hickey Steel Corp., 3333 W. 47th Place, Chicago 32, Iil.; Midco Supply Company, 1346 South 20th Street, Omaha, Neb.; Williams and Company, inc., 901 

Pennsylvania Ave., Pittsburgh 33, Pa. @ South: Peirson-Deakins Co., 823-824 Chattanooga Bank Bidg., Chattanooga 2, Tenn. © Mountain: M. L. Foss, inc., 1901-1927 

Arapahoe Street, Denver 1, Colo. @ Southwest: Vinson Stee! & Aluminum Co., 4606 Singleton Bivd., Dallas, Texas @ Northwest: Eagle Metals Co., 4755 First Avenue, 

South Seattle 4, Wash. @ Far West: Pacific Metals Co., Ltd., 2187 S. Garfield, Los Angeles 22, Calif.; Pacific Metals Co., Ltd., 1900 Third Street, San Francisco 7, Calif. 
Bundyweld nickel and Monel tubing are sold by distributors of nickel and nickel alloys in principal cities. 
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NEW! Simpler housing and one-piece bearing 
reduce maintenance on Thompson Turbocharger 


Designed for 10,000 operating hours under the severest operating temper- 
atures and speeds. This means longer revenue runs between scheduled 
maintenance of the unit, and fewer unscheduled downtimes for repairs. 

Turbine housing of the new Thompson Turbocharger is a heat-resistant 
alloy designed to eliminate corrosive attack and to be free from service 
cracks. Design also isolates high-temperature exhaust drive from bearing 
and air-side of turbocharger to increase maintenance-free life. 

Bearing is one-piece design, mounted on small diameter shaft to reduce 
bearing surfaces speed even at high rpm. 

Design of impeller supplies supercharging air at equal compression ratios 
over a larger flow range and at lower rotor speeds than other turbochargers. 
Light-alloy rotor provides instant response to changes in engine speed 
and load. 


Your blown diesel engines up to 300 horsepower can be readily equipped 
with new-design Thompson Turbochargers. Our engineers will help. When 


may they call? 
JET DIVISION 


Thompson Products, Inc. 


Cleveland 17, Ohio 
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Simulation of Free-Piston Engine 
with Digital Computer, D. R. OLSON. 
Paper No. 5A presented Jan. 1958, 21 p. 
General analysis of free piston engine 
process which would realistically “simu- 
late” operating engine is made in terms 
of variables which allows basic engine 
size and configuration to be selected 
and operating conditions for hypothe- 
sized engine to be arbitrarily fixed; 
numerical description of performance 
that may be expected; comparison of 
computed results with engine test re- 
sults. 


Diesel Cylinder Heat Transfer Design 
Criteria, D. H. BROWN. Paper No. 249 
presented Nov. 1957, 14 p. In thermo- 
dynamic analysis of engine design, such 
as Orion engine, gross cylinder heat 
loss represents penalty to engine effi- 
ciency and output; method by G. 
EICHELBERG of analytically simulat- 
ing engine by computation of heat 
transfer and cylinder temperatures; 
design criteria derived appear to limit 
lubricated cylinder wall temperature to 
less than 500 F; other design criteria. 


Loop Scavenging vs. Through Scav- 
enging of Two-Cycle Engines, C. F. 
TAYLOR, A. R. ROGOWSKI, A. L. 
HAGEN, J. D. KOPPERNAES. Paper 
No. 247 presented Nov. 1957, 26 p. Pur- 
pose of investigation, carried out at 
Sloan Laboratories for Aircraft & Auto- 
motive Engines, was to compare two 
methods of scavenging under condi- 
tions which would measure their rela- 
tive merits objectively; methods of 
evaluation; test equipment and proce- 
dure; test results and comparison of 
engines; limitations of tests; future 
work. 


P&H Uniflow-Scavenged Two-Stroke 
Diesel Engine, M. W. PAQUETTE. Pa- 
per No. 246 presented Nov. 1957, 11 p. 
Design features of line which includes 
2, 3, 4, and 6-cyl models, originally 
built as power source for its own prod- 
ucts by Harnischfeger Corp., builders 
of power shovels, crames and other 
heavy equipment: crankcase is cast in 
high tensile aluminum alloy 356-T71; 
other major engine components are 
also of aluminum alloys; reasons for 
selecting aluminum; details of scav- 
enging system; engine performance and 
life. 


17 Inch Bore V-16 Diesel, H. M. 
HIRVO. Paper No. 834 presented Oct. 
1957, (N. Calif. Sec.) 13 p. General 
Motors Corp. design philosophy in de- 
veloping 17-in. bore, 21-in. stroke V-12 


Continued on page 124 
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PRECISION IN MECHANICAL ACTUATION 
WITH REDUCED POWER REQUIREMENTS 


The baliscrew applies the principle 

of low friction ball bearings to the 
conventional screw and nut. Power 
input is only 14 of that required for 

an acme screw and nut. 

The Vard baliscrew with its inherent 
efficiency and accuracy is particularly 
adapted to wide uses in the field of 
automation. In addition, the ability 

to operate in very high and very 

low temperature environment permits 
its use in numerous missile, aircraft 
and nuclear applications as well as 
for conventional industrial uses. 


WIND TUNNEL AIRCRAFT TOOL 
THROATS CONTROL SURFACES AUTOMATION 


JET ENGINE 
AFTERBURNERS 


FIRST ...in mechanical actuation 


° 
ARD inc. 
126 east colorado street + pasadena california 





NEW PRODUCT NEWS 


Kistler Gages Measure 
Engine Knock and 
Detonation Pressures 


Quantitative measurements of pre-ignition, 
detonation, and other abnormal combus- 
tion pressures can now be made under the 
most severe engine operating conditions 
with the new Kistler SLM Electronic 
Pressure Gage. Designed to measure either 
poses of pressure rate directly, the one 

ic Quartz Gage (Model PZ-14) also 
indicates compression, peak firing, mani- 
fold and fuel injection pressures. 

Unlike the familiar mechanical-type 
pressure gage where an indicator needle 
moves back and forth, the Swiss-made 
SLM Electronic Gage presents a dot mov- 
ing up and down on a TV-like (oscillo- 
scope) screen. It shows pressure at any 
instant, and not merely peaks or averages. 
Thus the effect on cylinder pressure of 
valve and port operation, ignition, com- 
bustion, or timing can be readily ob- 
served. Extremely high sensitivity permits 
even minor variations in cylinder pressure 
to be greatly magnified and examined 
in detail. 

The new SLM Sub-Miniature Pressure 
Gage (Model PZ-G6) equipped with a spe- 
cially adapted spark plug permits cylinder 
pressure measurements in unmodified in- 
ternal combustion engines. 


A new console model which includes 
associated Kistler Pre-Amplifier-Calibrator 
units, electronic switches and oscilloscopes, 
displays up to eight cylinder pressure 
signals simultaneously. Simple gang con- 
nectors (summing units) permit eight 
pressure rate signals to be superimposed 
on the screen. 

For manufacturing test, training, field 
engineering, field maintenance and service 
applications, the new portable SLM Engine 
Indicator-Analyzer is the most advanced 
equipment developed. Unlike conventional 
engine analyzers which show only ignition 
or vibration patterns, this Kistler package 
provides precision measuring instrumen- 
tation that fits readily into established 
maintenance procedures. For complete in- 
comen request Bulletins EA-114 and 
$-114. 

Kistler Instrument Corp., De SA, 
15 Webster St., North Tonawandu, N. Y. 
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and V-16 Enterprise diesel engine for 
heavy duty marine and stationary 
power plants; criteria established are 
enumerated; advantages of V-engine 
over large bore in-line engine; types of 
connecting rod designs used; materials 
for rings and bearings; cost considera- 
tions and performance characteristics. 


Stroboscopic Photography of Piston 
Cooling Oil Action, C. L. NEWTON. 
Paper No. 7B presented Jan. 1958, 7 p. 
Study and observation of cooling oil 
action in piston under simulated en- 
gine operating conditions using special 
photographic techniques is part of de- 
velopment program, carried out at 
Beloit Works of Fairbanks, Morse & 
Co.; diesel engine, designed for Snorkel 
application, is high speed, high output, 
opposed piston type with 6%4 in. bore 
and 8 in. stroke; test technique and 
equipment used; results. 


Cummins Turbocharged Diesel En- 
gines, N. M. REINERS, W. D. SCHWAB. 
Paper No. 240 presented Nov. 1957, 10 p. 
Recent developments include improve- 
ment of turbocharger component effi- 
ciencies, application of automotive con- 
cept of matching turbocharger to en- 
gine, and development of aneroid con- 
trol; two turbochargers released for 
production have sufficient capacity and 
range to cover Cummins engine line 
from 4-cyl engine at 125 hp up to and 
including V-12 engine rated at 600 hp; 
performance curves. 


Fell Diesel Mechanical Locomotive, 
L, F. R. FELL, G. M. BARRETT. Paper 
No. 245 presented Nov. 1957, 31 p. 
Principles of operation, important 
components and prime movers of proto- 
type locomotive, No. 10,100 of 2-D-2 
type, built by British Railways; four 
Paxman 12-cyl RPH diesel engines 
supply power for traction and two 6-cyl 
AEC type A210D engines supply aux- 
iliary equipment; results of tests. 


Essential Components of Efficient 
Maintenance: Engineering and Train- 
ing, J. P. MORELAND. Paper No. 242 
presented Nov. 1957, 9 p. Approach to 
maintenance of fleet operations recog- 
nizing engineering as one of most es- 
sential components of efficient mainte- 
nance; details of maintenance study 
program practiced at Fifth Avenue 
Coach Lines, Inc., New York, N. Y.; 
training program and technical educa- 
tion. 


Carburetor Icing Demonstrator, I. T. 
ROSENLUND. Paper No. 244 pre- 
sented Nov. 1957, 6 p. Aspects of car- 
buretor icing and interrelationship of 
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Chemical Properties Are Combined in 
These Newest of Engineering Materials 


NOW — Conquer your most exacting 
design problems with this completely new ~ 
class of materials! 


Feutron Felts are mechanically inter- ~ 
locked, synthetic fiber, engineering ma- 
terials...perfected after years of research 
by American Felt Company. 


Durably fabricated from selected man- 
made fibers — Rayon, Nylon, Dacron,* 
Orlon,? Dynel,? Arnel,* Acrilan® — they 
provide all the valuable operating proper- 
ties of these synthetics...high tensile ~ 
strength; superior resistance to acids, al- © 
kali, solvents and other chemicals or gases; 
dimensional stability; three-dimensional ~~ 
physical properties plus the ability to oper- ~~ 
ate at temperatures up to 400°F! Cad 


You'll find Feutron Felts are being used ~~ 
for wet and dry filtration, as high tempera- —~ 
ture oil seals, as reinforcements for plastics, ~ 
as rugged gaskets, as lubrication wicks, as ~ 
thermal and acoustical insulation and in 
hundreds of other vital applications. 


Where could you be using Feutron Felts 
to improve product performance? Get all 
the facts... write today, for Feutron Data 
Sheet, on company letterhead please. 


Remember: American Felt Company has 
the most extensive and best equipped staff of 
product engineers in the Felt industry... 
ready to help you select the most efficient 


' wool or synthetic fiber Felt for your application._ 


1. Du Pont polyester fiber trademark. 
° Pon saz fiber trademark. 
3: Carbide ‘e ~ Che micals Co. acrylic fiber 


3: Spianese Ce Corp _ Meryile Aber trademark. 
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NEW. 


Tachometer Take-Off 


mL 


” 
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* VEEDER-ROOT ,) gam 


> Rev-Counters | 
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oe ee 
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YA D 
With this new attachment, Veeder-Root 6 <a 
. 


Rev-Counters can be installed on any engine ee 
having a tachometer take-off in a position which 
is readily accessible for easy reading. Take-off can 


be furnished to suit average engine-speed. +4 

So now you can make it easier than ever for Veron. . 
your customers to see that your product is 
performing up to its guarantee . . . to see when ConCowit? 


routine maintenance is coming due, and 


whether servicing is needed. 
You can count on Veeder-Root to figure out 
how to engineer these adaptable Rev-Counters f E DE we - 0 0 T 
into your products . . . not only engines, a INCORPORATED 
but generators, compressors, heaters, HARTFORD 2 
refrigerators, and what have you? Write: P ee 
New York 19, N. Y. 
5. C. © _—— 6, ti. 


Montreal 2, Cana 
Offices and Agents in Principal Cities 
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fuel volatility and atmospheric condi- 
tions with ice formation; use of two 
types of anti-icing additives; one class 
includes polar compounds having great 
affinity for metals and other materials 
which combine with condensed mois- 


q. Insert must be 


temperatures: 


At opera 
3. ood 


in 
techn) 


ting te™ 
impact 


ture having great affinity for water; 
features of field demonstration engine, 
developed to show effectiveness of anti- 
icing additives. 


Turbocharger Shaft Dynamics, C. N. 
FANGMAN, J. L. HOFFMAN. Paper 
No. 7A presented Jan. 1958, 14 p. Re- 
quirements of high speed turbocharger 
systems in diesel engines for earthmov- 
ing machinery; factors contributing to 
instability of turbocharger system are 
investigated using special devices to 
measure vibrations associated with 
turbochargers; results show that two 
important vibrations are forced vibra- 
tions caused by unbalance and oil film 


corrosion resis 


‘ t 
peratures, _— = 
resistance an 


‘al bulletin now ready. 


WAUSAU MOTOR PARTS COMPANY 


vA 


2600 Eau Claire St., Schofield, Wis. ¢ Detroit Office: 1302 Cadillac Tower, Detroit, Mich. 


VIET OPTI OS: 
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whirl vibrations caused by hydrody- 
namic forces. 


Some Reflections on Trends in Trac- 
tor Design, Performance and Cost, 
B. G. RICH, W. H. WORTHINGTON. 
Paper No. 13B presented Jan. 1958, 13 
p. Changes in tractors produced by 
Deere & Co. between 1935 and 1957; 
considerations of horsepower, weight 
and drawbar pull; major changes in 
fuel trends; hydraulic control of imple- 
ments; operation convenience and 
comfort; prices; comparison of equip- 
ment used with 1935-B and 1957-520 
lines of tractors. 


Driver’s Viewpoint — Truck Driver’s 
Office, J. GAUSSOIN. Paper No, 19C 
presented Jan. 1958, 3 p. Suggestions 
for truck design alternations presented; 
relocating dimmer switch; brake pedal; 
switch location vs. gage location; 
driver’s position; windshield wipers and 
washers; color of turn signals. 


Designs of Current Cabs and Future 
Prospects, T. ORNAS. Paper No. 19A 
presented Jan. 1958, 6 p. Two most 
important factors influencing cab de- 
sign are problem of driver comfort and 
safety and demand for shorter bumper 
to back of cab dimensions how these 
problems are solved in heavy, medium 
and light duty trucks, and in utility 
vehicles; future trends. 


Bio-Technical Aspects of Driver 
Safety and Comfort, R. A. McFAR- 
LAND, R. G. DOMEY. Paper No. 19B 
presented Jan. 1958, 29 p. Aspects of 
bio-technology in trucks; basic prin- 
ciples; variables influencing efficiency 
of operation, visual efficiency, comfort 
and safety; variables affecting sensory 
input; variables influencing response 
output, such as fixed limits of working 
space, seating and human sizing, and 
hand and foot control. 


Continuous Radiotracer Monitoring 
Shows How Piston Hings Wear in Serv- 
ice, J. S. BATZOLD, J. V. CLARKE, 
Jr., J. F. KUNG. Paper No. 16C pre- 
sented Jan. 1958, 23 p. Engine of pas- 
senger car studied was equipped with 
radioactive top compression rings; wear 
determined by monitoring crankcase 
oil for radioactive iron originating from 
piston rings; wear rates obtained were 
same ;s those observed in actual pas- 
senger car service, demonstrating that 
significant results in terms of field per- 
formance can be obtained by tests of 
relatively short duration with radicac- 
tive rings. 


NUCLEAR ENERGY 


Prospects for Economic Atomic 
Power, A. PUISHES. Paper No. 850 
presented Nov. 1957, (North Calif. Sec.) 
1l p. Discussion limited to generation 
of central station power for civilian 
use; present situation in United States 
and future prospect with regard to 
competitiveness; typical bus-bar costs 
from conventional plants; predicted 
atomic generation costs; comparison of 
construction costs; how costs will de- 


Continued on page 127 
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Briefs of 


SAE PAPERS 


Continued from page 126 


crease through scientific development, 
advanced concepts, etc.; foreign market 
for atomic power. 


PRODUCTION 


Quality Control Through Engineer- 
ing, Manufacturing, and Dealer Serv- 
ice, C. T. DOMAN,. Paper No. S848 pre- 
sented Feb. 1958, (Metropolitan Sec.) 
11 p. Means by which quality levels 
are controlled or corrected at Ford Mo- 
tor Co. center around customer’s reac- 
tion to product and involve dealer serv- 
ice, engineering, manufacturing or sales 
policies; Quality Audit Program is con- 
cerned with handling of warranty 
claims, statistical analysis of repair or- 
ders. Customer Acceptance Survey, 
Product Problem Report, Public Rela- 
tions Department, etc. 


MISCELLANEOUS 


What’s in Future, I McNAB. Paper 
No. S828 presented Oct. 1957, (Alberta 
Sec.) 9 p. Automotive research within 
General Motors organization and 
achievements brought forth; work cov- 
ered on proving ground; speculations 
with regard to future developments in 
following areas: engine and fuels, free 
piston design, atomic and solar energy, 
trim and finish, brakes, wheels and 
tires, body and sheet materials, and 
possibilities of magnesium, titanium 
and zirconium. 


Design Engineer in Industry, R. S. 
FRANK. Paper No. 837 presented Nov. 
1957, (Mid-Continent Sec.) 5 p. Lack 
of interest in design engineering as 
career is due to misunderstanding of 
area; role of machine designer dis- 
cussed from standpoint of diesel engine 
design field; how design engineer must 
apply knowledge of engineering funda- 
mentals, shop practices, fabricating 
techniques and familiarity with avail- 
able facilities of company; practices 
followed at Caterpillar Tractor Co. in 
training and advancing engineers. 


Presented here are brief digests of recently 
presented SAE papers. These papers are avail- 
able in full in multilith form for one year after 
presentation. To order, circle the numbers in 
the “Reader Information Service” blank on 
page 5 corresponding to the numbers appearing 
after the titles of the digests of interest to you. 


These digests are provided by Engineering 
Index, which abstracts and classifies material 
from SAE and 1200 other technical magazines, 
society transactions, government bulletins, re- 
search reports, and the like, throughout the 
world, 
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New Members Qualified 


These applicants qualified for admis- 
sion to the Society between April 10, 
1958 and March 10, 1958. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior. 


Alberta Group 


Thomas Starr Icke (A), Elmer Seidel 
(A). 


Atlanta Section 
Harvey C. Christen (M). 


Top Rin 


Impact “eal Should be ; 


Specially desi 
owDy and oil 
mN€r spring ; 

ERSCR. if de. 


Specially allo 
tigu 


Baltimore Section 
Charles B. Voitelle (M). 


British Columbia Section 
J. 8S. McDuff (M). 


Canadian Section 
Earl J. Servos (M). 


Central Illinois Section 


Kenneth W. Campen (J), Ralph J. 
Charter (A), James H. Heifner (J), 
Albert Lees (J), Harvey Warren Liber- 
man (J), Robert Charles Louie (A), 

Continued on page 129 
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WAUSAU MOTOR PARTS COMPANY : 
; Manujacturers i nS a 


2600 Eau Claire St., Schofield, Wis. * Detroit Office: 1302 Cadillac Tower, Detroit, Mich. 





Guarding the quality of your castings... 


SAND, METALLOGRAPHIC LABORATORIES 
CHEMICAL AND PHYSICAL RESEARCH 
MILLION VOLT X-RAY INSPECTION 
TEST FOUNDRY FACILITIES 
SPECTROGRAPHIC ANALYSIS 


ADVANCED ENGINEERING 


and safeguarding costs... 


Keeping quality in castings uniformly “up” 
is an exacting science—takes highly specialized 
equipment and a vast know-how from en- 
gineering, metallurgical and other technical 
= Yet costs at CWC are as low as totally 
foundry facilities can make them. 
Here, you get en quality, ae cost— 
in castings at machine easier, wear longer. 
Write for our booklet, “‘One Source’”’—tells all wen PROGRESS 
about CWC’s outstanding facilities for supply- Pp mqen Ferm“ castings 
ing you with the finest castings available. 


Campbell, Wyant and Cannon w/o 
FOUNDRY COMPANY » Oo 
DIVISION OF TEXTRON INC. : a CWC 
MUSKEGON, MICHIGAN Re SS “< 
‘ | \ ere. founded in 1908 
SIX FOUNDRIES LOCATED IN MUSKEGON, ST \e .e 
LANSING AND SOUTH HAVEN, MICHIGAN ... 
READY TO SERVE You! 
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New Members Qualified — cont. 


Paul W. Padrutt (J), Harold C. Stone & f é 
a afes 


Chicago Section 


Richard P. Clemmer (M), G. E. Thin 
Doherty (A), Robert H. Ebert (A), C. 
A. Kroft (M), Dean A. Matthews (J), 
Jack E. Maxcy (J), Walter Penzias 
(M), Dean 8S. Robertson (M), Richard on 
S. Roeing (M), Willard F. Wadt (M). 


. Wheels 
Paul C. Augustine, Jr. (J), Robert W. eee 


Biggs (M), Frederic W. Black (M), 
Edward A. Brittenham, Jr. (M), Harry 
Clary (M), Walter A. Fritsch (M), 
Arnold H. Hoffer (M), Frank A. Jeffries 
(M), Raymond H. Klein (M), Clifton 
W. Perryman, Jr. (A), Charles D. 
Thompson (M). 


Dayton Section 


H. Frederick Hess, Jr. (M), Eldon 
Ray McClure (J), Joseph R. Stormer 
(J). 


Detroit Section 


Arthur A. Adams (M), Guy L. 
Barnes, Jr. (J), Harold E. Barnum (M), op For more ee car 
James Berry Bragaw (A), Albert W. ia manufacturers have been using 
Brownes (J), Robert Buchanan (M), ’ Thermoid Products. The experi- 
Thomas E. Burke (A), Robert A. Bur- yee, ence gained from this long asso- 
ton (J), James O. Cardot (J), Richard ick AV ciation has helped Thermoid 
A. Carlson (M), Jack M. Clanton (M), ; research, development and pro- 
Granville R. Conrad (M), William W. duction processes keep pace with 


Dodson (M), John E. Eckenrode, Jr. : the recognized pro of the 
(A), Charles E. Edwards (M), John codsepulies taal “Pala Wie 
Frederick Goodspeed (A), George A. f ; of the reasons why you specify 
Grossman (M), Robert J. Hampson > 4 the “safest thing on ohnaihttcs 
(M), Robert D. Harrison (M), Stanley - " ’ i; lect. Th id 
Edward Hildebrand (A), Paul P. Huber j ee ween you selec er 
(J), Robert Donald LeWitter (A), | fe) Brake Linings. 

Wynne R. Lilly (M), Leo Joseph Lin- é 

senmeyer (J), William C. Long (A), 

Robert B. Longmuir (J), Stanley E. 

Mallen (M), Paul Louis Martin (M), 


Raymond Arthur McAlpine (J), E. Ray ane ae - 
Morrill (M), Frank A. Novak (M), ee " 
Stanley Parr (J), Ralph C. Petersen 
(M), John H. Qualls (J), Habibur Rah- _ 

man (J), William Reynolds (A), 

Clarence B. Richey (M), Charles K Thermoid Company 
Roberts Russell (M), John Warren Trenton, N. J 
Sawyers (J), Wayne C. Shanks, Jr. r 
(M), Robert Arthur Shuman (J), 
Charles L. Stevens (M), Michael Tsou 
(J), C. E. Valentine, ITI (J), Harold L. 
Vogler (A), Thomas E. Zimmerman 
(J). 

- Other high quality Thermoid Products. 
Modernized to meet modern driving conditions. 


Hawaii Section 


Harold D. Andrade (M), Edward V. 
Kawders (A). 


Indiana Section 

Gerard L. Baumes (J), Russ Byram 
Dhondy (J), John J. Ingellis (M), John 
K. Knighton (A), Walter F. Weiss (J). 
Kansas City Section 

David C. Goldberg (M). 


Continued on page 130 
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New Members Qualified — cont. 


Metropolitan Section 


Stuart C. Bachman (M), Leonard 
Daum (M), Richard B. Ferris (A), Paul 
A. Larivee (M), Mark E. Otterbein (M), 
Paul J. Trojan (M), Warren E. Turner 
(M), Morris Leon Wade (M), Maurice 
Wellner (A). 


Mid-Continent Section 
Jack E. Foley (M). 


Mid-Michigan Section 
George Arthur Brown (M), Leroy 


Huelskamp (M), William James Johns- 
ton (J). 


Milwaukee Section 


G. Dean Cannon (A), John C. 
Heyvaert (A), Rudolph H. Schneider 
(M), Willis S. Scholl (M). 


Montreal Section 
Andre Veronneau (J). 


New England Section 


Peter Brownell (M), Francis L. 


WHERE SIGNALS MESH 
WITH PERFECT TIMING 


SCO HYDRAULIC 
STOPLIGHT SWITCHES 


Fast emergency stops are sometimes 
necessary. Oncoming drivers must be 
instantly cautioned ... with no margin for 
error. That’s where a Fasco Stoplight Switch 
can be depended on for split-second 


reliability . 


.. flashing an instant message 


of action from one driver to others. 

More than 140 million such switches have 
been installed since the adoption of 
hydraulic brakes. When engineers design for 
safety and dependability, they know it’s 
wise to... Consult Fasco... First! 


AUTOMOTIVE 


DIiVIiSIton 


SCO INDUSTRIES, INC. 


ROCHESTER 2, NEW YORK 


DETROIT OFFICE: 12737 PURITAN « PHONE: UN 17476 
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Federhen (A), C. Perry Giddings (A). 


Northern California Section 


Walter Henry Giese (A), J.C. Gudgel, 
Sr. (A), Bevan Herbert Johnston (J), 
John Walter Parks (J), John Luther 
Scruggs (A), William F. Sternberg (M). 


Northwest Section 


John A. Ardington (M), William F. 
Duft (A). 


Oregon Section 


Riley Owen Montgomery (A), E. A. 
Paulson (A). 


Philadelphia Section 


Edward G. Barry (J), Paul Louis 
Gerard (J), S. Peter Kaprielyan (M), 
Robert M. Kennedy (M), Richard M. 
Lawrence (J). 


Pittsburgh Section 


Charles G. Kiskaddon, 
Joseph F. Rudzki, Jr. (J). 


Jr. (A), 


St. Louis Section 
Andrew A. Baumann (M). 


Salt Lake Group 
John S. Morton, III (A). 


San Diego Section 
Sumner Alpert (M), Loren D. Hamlin 
(M). 


Southern California Section 


J. D. Birdwell (J), Leslie David Con- 
yers (A), Allan B. Fredhold, Jr. (M), 
Harold T. Glenn (A), Sidney Lampert 
(J), Patton Lewis (M), William W. 
Saxton (M), Alexander Alley Smith, Jr. 
(M), W. F. Snelling (M), Frank L. 
Spencer (A), M. H. Sperling (M), 
Henry A. Traub (M), William Albert 
Winter (M). 


Southern New England Section 


F. D. Bryant (A), Elliott L. LaMon- 
tagne (A), John A. Lozzi (M), Harold 
S. Moore (M), Russell A. Schwarzmann 
(J). 


Spokane-Intermountain Section 

Henry N. Ard (M), Francis O’Conner 
(A). 
Twin City Section 

Sherwood R. Mickelson (A). 


Washington Section 
George R. Petty, Jr. (M) 


Western Michigan Section 


Stuart F. Kutsche 
Vaughn Lindow (A). 


(M), Harold 


Williamsport Section 
Rolf Schaffranke (M). 


Outside of Section Territory 


Donald D. Baker (J), W. C. Bowers 
(M), Barnett Frumkin (M), William A. 


Continued on page 133 
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you can meet any lubrication specification if you 


BLEND WITH ENJAY PARATONE® 


(VISCOSITY-INDEX IMPROVERS) 


Base stocks blended with Enjay Paratone can be compounded into lubricants combin- 
ing cold-weather quick starting properties with high temperature, low consumption 
characteristics. These lubricants are all-season oils, featuring improved gas mileage. 
More and more refiners and blenders are relying exclusively on Paratone to produce 
the high “‘VI” required in these all-season oils. 

Through years of intensive research and development work with automotive manu- 
facturers, Enjay has developed the only complete line of high quality additives 
(Paramins®) that can assure maximum performance characteristics. Why not let this 
experience and know-how work for you? Write, wire or phone the Enjay Company. 


ENJAY COMPANY, INC., 15 WEST Sist ST., NEW YORK 19, N. Y. 
\kron + Boston* Charlotte + Chicago + Detroit + Los Angeles * New Orleans Tulsa 
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DROP BY DROP..OR GALLONS PER MINUTE 


Look to FRAM 
to fill the bill! 


if it flows, FRAM makes the 
right filter to satisfy your needs, 
Whatever your filter problem may 
be, FRAM Filter engineers and 
technicians will help you find the 
best and most practical solution 
in the shortest time. 


FRAM leads the way in filter re- 
search. The world-famous FRAM 
Filtronic Carburetor Air Filter 
with a lifetime efficiency of over 
99%+ was developed at the 
FRAM Institute of Filter Re- 
search and Advanced Engineering 
at Dexter, Michigan. Here, in the 
world’s only full-size dust tunnel, 
teams of FRAM Filter engineers 
and technicians are constantly pio- 
neering in new, advanced filter 
design, methods and media. 


Over 400 manufacturers have 
availed themselves of this service 
and now install FRAM Filters as 
original equipment to protect their 
precision products. FRAM Filters 
and replacement cartridges are en- 
gineered and quality controlled to 
meet or exceed the most rigid 
filter-type standards of manufac- 
turers or government agencies. 


Today, FRAM Filters are factory 
installed as original equipment by 
more manufacturers than any 
other make. To solve your filter 
problems, write: FRAM Corpora- 
tion, Providence 16, Rhode Island. 


FRAM...First in Research 
...First in Service. 


OiL*+ AIR + FUEL* WATER 
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New Members Qualified — cont. 


Graf (M), Turner L. Miller (M), Arnold 
B. Skromme (M), Robert Duane Strohl 
(J), Luther Hill Waller, Jr. (M). 


Foreign 


R. Gopalkrishnan (J), South India; 
Edgar Knoop (M), Germany; Antonio 
Hideto Kobayashi (J), Brazil; Robert 
Leadbitter (A), Bermuda; James E. 
Lyle (M), Mexico; Donald H. McGown 
(M), Holland; Monty I. Prichard (M), 
England. 


Applications Received 


The applications for membership re- 
ceived between March 10, 1958 and 
April 10, 1958 are listed below. 


Alberta Group 
Joseph George Wise 


Baltimore Section 


Therman L. Robinson, Lt. Alexander 
E. Waller 


British Columbia Section 


Kelvin S. Fowler, Alan E. Hooper, 
F. W. I. Merritt, Verne Preston Taylor 


Canadian Section 


Harold A. E. Burgess, David Scott 
Fisher, Roger Eugene Hatch, Reginald 
Arthur Hill, Curtis Arthur Parkinson, 
William G. Preece, E. Ralph Rowzee 


Central Illinois Section 


John W. Buckstead, Robert Charles 
Ebrecht, Clifford E. Johnson, Vernon 
L. Keagy, Bernard J. McGuire, George 
I. Pigman, Hudson B. Scheifele, Paul 
E. Schleder, Ernest W. Wagner 


Chicago Section 


Ben S. Barrett, Peter P. Bishop, 
Edwin P. Easterday, Karl Gallwitz, 
George A. Grassby, John J. Haunschild, 
William M. Phalen, G. Robert Reynolds 


Cincinnati Section 
Walter S. Bertaux 


Cleveland Section 


Richard B. Belford, Charles Robert 
Bright, Gerald W. Hicks, Roland C. 
Kleinfeld, Neil Irwin Leffler, Robert L. 
Morse, John Andrew Rade, Joseph J. 
Repko, Wellington G. Scheid, Harry 
W. Stanhope 


Dayton Section 
Charles 8S. Stultz 


Detroit Section 


Carl L. Betteridge, Henry K. Borden, 
Anil Kumar Chaudhuri, David A. De- 
Long, Vistor Emery, Ashley J. Freehan, 
Andrew E. Geddes, Donald Ray Herda, 
Edmond E. Madion, Guy G. Manuel, 
William P. Pautke, Charles W. Phelps, 
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Carey M. Rhoten, 
Joseph B. Sablacan, Paul J. Steil, Wil- 
liam Fong Yee 


Indiana Section 


Ronald L. Alt, Hugh C. Kirtland, 
Ralph J. Magnus, John K. Mason, 
George E. McIntosh, Elton L. Thomp- 
son, Kenneth N. Vaughan. 


Kansas City Section 
Joseph W. French, John Suprock 


Metropolitan Section 

Frederick J. Borheck, George E. 
Brayman, Arthur H. Church, Philip E. 
N. Greene, Jr., Lawrence M. Holzapfel, 
Edward C. Joles, William E. Lovett, 


MORLIFE 


CLUTCHES 


Ray G. Rhoton, 


Richard 8S. MacCrea, Frank Marold, 
William Martino, Andrew V. Santulli, 
Adolf Vartanian 


Mid-Continent Section 
Charles S. Parker, Jr. 


Mid-Michigan Section 


Walter J. Banacki, Jr., 
Olmsted, Leo W. Tobin, Jr. 


Arthur J. 


Milwaukee Section 


John Robert Bonner, Robert Edwin 
Harloff, Charles A. Werve 


Mohawk-Hudson Section 


John C. Rabetz 
Continued on page 134 
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Reduce the Effect of 
Centrifugal Force Developed 
by High-Speed Engines 


Because ROCKFORD Morlife Clutches handle double the amount of torque 
handled by ordinary friction clutches, they enable design engineers to reduce 
the effect of centrifugal force developed by modern, high-speed engines. By 
cutting down the required diameter of the clutch, they reduce weight. By 
insuring better heat disposal, they multiply the clutch’s work-life. While your 
next model is in the planning stage, it will pay you to investigate how this 


new type clutch will improve the operation and eliminate 


service requirements of your product. 


Ds. FOR THIS HANDY 


90% of the clutch 


BULLETIN ; 


Gives dimensions, capacity tables and complete = 
specifications. Suggests typical applications. 


ROCKFORD Clutch Division BORG-WARNER 


316 Catherine St., Rockford, Ill., U.S.A, ee 


ohn 


Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, tl. 


CYLYULTYCYHYEYS 





RODUCTION 
AT C.A.E. 


mm MODEL 141 
a TURBO-COMPRESSOR 


al ENGINE 
; 


Typical of the fine results of Continental development is 
the TC-106 portable starting unit for large jet aircraft. This 
advanced new model, with a high performance turbine 
compressor as its heart, weighs one-third less than its 
predecessor, yet has 17 per cent higher output, and in 
addition, other important qualities: greater mobility, less 
noise, and a completely automatic control system. .. . It 
is now in volume production at the Continental Aviation 
and Engineering Toledo plant. 


C.A.E. gas turbine models—the J69-T-9, the J69-T-2, and the J69- 

T-19A are being built for Cessna’s T-37A twin jet trainer, Temco's 

TT-1 Navy jet trainer, the Beech jet Mentor trainer, and the Ryan 
Q-2A Fire Bee target drone. 


HUE eae LT 


OM tale ae aes ee ae ee ea ier | 


SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 


Applications Received — cont. 


Montreal Section 


William M. Brownlee, Frank R. Rich- 
mond 


New England Section 


H. Joseph Howard, Ronald Alton 
Pick, Robert H. Thesing 


Northern California Section 
Eugene R. Rhea 


Northwest Section 
Robert George Steiner 


Oregon Section 
Charles H. Hall, Harry J. West 


Philadelphia Section 


Dominick Fella, Walter Wycliffe 
Owen, John William Yaag 


Pittsburgh Section 
G. J. Otto, Arthur C. Toner, Jr. 


San Diego Section 
William Lewis Eckhart, James K 
Marechal, Jr. 


Southern California Section 


W. C. Avrea, John Calvin Closson. 
Ray H. Hahn, Edgar Jerome Jones, 
Raymond W. Mattson, John H. Norton, 
John Louis Nuchols, Jerry K. Samp 


Southern New England Section 


David G. Blackburn, Robert L. Fish, 
Louis A. Gaumond, Warren Ross Jen- 
sen, Erwin Mooney, Wayne Stone 


Spokane-Intermountain Section 
Robert M. Ball 


Syracuse Section 
Arthur C. Lyman, Jr. 


Texas Section 
Calvin L. Habern, Harrell E. Haney 


Texas Gulf Coast Section 
James A. Haney 


Western Michigan Section 
James R. Andres, Jack L. Conley 


Williamsport Group 
Thomas L. Holland, Cecil C. Rhodes 


Outside of Section Territory 

Edward K. Dunnett, Frank H. 
Lemons, Peter B. Mitchell, V. Saravana 
Perumal, Billy B. Roy, Adolph M. 
Stejskal, David E. Stover, Richard A. 
Wittren 


Foreign 

Dr. Ing. Heinz W. Balster, Germany; 
Ralph Day, South Africa; Gunnar 
Ljungstrom, Sweden; Dr. Karl-Heinz 
Muhr, West Germany; Alfred Xavier 
Napoles, Cuba; Mohamed Nabil Reda, 
Saudi Arabia; Alfred Cecil Whitehorn, 
England 
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Dy. was COMPRESSOR 


delivers ample air at all times 


for safe operation of brakes 


Your customers have a continuous, dependable source 
of air for the operation of brakes and other air powered 
devices when you equip your vehicles with high volume, 
efficient Wagner Rotary Air Compressors. 


With either 9 or i2 c.f.m. Wagner Rotary Air Compressors 
you provide these additional performance features: 


LONG COMPRESSOR LIFE—All rotating parts are turned by the 
shaft, suspended on two bearing surfaces. This results in less 
friction—adds to compressor life. 


FAST RECOVERY OF PRESSURE—Rotary compression forces all 
air from the compression chambers. Such high volumetric effi- 
ciency means rapid air pressure recovery at all compressor speeds. 


LOW TEMPERATURE AIR DELIVERY—Oil is separated and 
cooled before air is discharged from the compressor. This pre- 
vents carbon formation—reduces fire hazard—permits use of 
flexible air hose in discharge line. 


SMOOTH, QUIET OPERATION—Thousands of small overlap- 
ping air compression impulses per minute maintain a uniform 
load and assure smooth, quiet operation with long belt life. 


GET ALL THE FACTS on the Rotary Air Compressor and 
details on complete Wagner Air Brake Systems and Equip- 
ment for trucks, tractors, trailers, buses and off-the-road 
equipment... ask for Catalog KU-201. 


WKS8-7A 


Wagner Electric @rporation 


6378 PLYMOUTH AVENUE, ST. LOUIS 14, MO., U.S.A. 


LOCKHEED BRAKE PARTS, FLUID, EXCHANGE SHOES and LINING © AIR HORNS © AIR BRAKES © TACHOGRAPHS « ELECTRIC M ORS « , TRANSFORMERS © INDUSTRIAL BRAKES 
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Boost giant crawlers over rugged terrain at high altitudes 


Uniform sea level performance 
in the thin air of Colorado’s high 
country is standard operating pro- 
cedure for International Har- 
vester’s big TD-24 crawlers, now 
that the AiResearch Turbocharger 
T-14 has been added. 

Actual on-the-job results at high 
altitudes under widely varying 


operating conditions have shown: 
© increased horsepower to sea- 
level rating 
lower fuel consumption per 
horsepower 
improved lugging 
e less smoking and cleaner run- 
ning engine 
reduced maintenance costs 


All AiResearch turbochargers 
are air-cooled, thereby requiring 
no extra plumbing, and placing no 
added burden on the cooling sys- 
tem. Ease of installation and long 
life add to the outstanding record 
of AiResearch turbochargers in 
the field. 


Your inquiries are invited. 


AiResearch Industrial Division 


9225 South Aviation Blvd., Los Angeles 45, California 
DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED INDUSTRIAL PRODUCTS 
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ARTIST'S INTERPRETATION 


There is no substitute for stainless steel 


From the intense cold of outer space to the heat 

of a jet engine, Stainless Steel is the one metal that 

will stand up. In rockets, missiles and supersonic aircraft, 
Stainless Steel resists heat, friction and corrosion, 

has a high strength to weight ratio and maintains 

its structural integrity under the most severe conditions. 


Specify McLouth high quality sheet 


and strip Stainless Steel. McLouth Steel Corporation, 
Detroit 17, Michigan. 


Mc LOUTH STAINLESS STEEL 





When you need maximum precision bearings, 
buy them. They'll save you money. Rollway has 
them in all types and sizes. 

But in hundreds of applications, maximum precision 
means unused precision. The speed, load and life-expectancy 
demands are not critical. For these spots, Rollway’s Tru-Rol 
Bearings are engineered to give all that is required in performance 
at worthwhile savings in cost. 


Maximum-Type Design and Construction Principles 


The Tru-Rol segmented steel retainer is the strongest, most 
durable available in commercial-grade bearings. Its separator 
segments are formed to the curvature of the roller for true 
axial alignment. In combination with rollers crowned to 
provide equal load distribution, it withstands heavy shock 
and reversing loads over long periods. 


For all the precision and performance 
you need and can use in non-critical appli- 
cations, ask a nearby Rollway Service 
Engineer to brief you on Rollway Tru-Rol 
characteristics and versatility. 


ROLLWAY BEARING COMPANY, INC. 
SYRACUSE, NEW YORK 


ENGINEERING OFFICES: Syracuse * Boston * Chicago 

Detroit * Toronto * Pittsburgh * Cleveland 

Milwaukee * Seattle * Houston * Philadelphia 
los Angeles * San Francisco 
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a promise 
of tomorrow 


There’s a promise of tomorrow in what Auto-Lite does today 


The engineer shown here has just completed 
simulated high-altitude tests on a new shielded 
insulation that comes a step closer to meeting the 
needs of interplanetary space travel. 


Down-to-earth laboratory research like this is the 
Auto-Lite way of serving industry by doing to- 
morrow’s job today. Through research, Auto-Lite 
serves industry better by supplying products of 
highest quality today while looking ahead to main- 
tain tomorrow’s leadership. 


The attitude of quality today and even better 


products tomorrow is the operating theme behind 
twenty-nine Auto-Lite plants in twenty-three 
communities throughout the United States and 
Canada. The high quality of more than 400 prod- 
ucts made by Auto-Lite is a reflection of this 
attitude. 


Whether it be intricate die castings, wire for modern 
aircraft, electrical equipment for the automotive 
industry, or any one of hundreds of other products 
. . . it serves best when it comes from Auto-Lite. 


THE ELECTRIC AUTO-LITE COMPANY =» Toledo 1, Ohio 


SPARK PLUGS - BATTERIES - BUMPERS & GRILLES - GENERATORS + IGNITION UNITS 
INSTRUMENTS & GAUGES + METAL FABRICATED ASSEMBLIES » SCUFF PLATES 
LIGHTING UNITS - HORNS - AUTOMOTIVE FRACTIONAL MOTORS 

PLASTICS + STARTING MOTORS + SPEEDOMETERS - SPEEDOMETER CABLE 

SEAT AND WINDOW MOVING MECHANISMS + SWITCHES - WINDSHIELD WIPERS 
WIRE & CABLE + GRAY IRON CASTINGS . . . ZINC AND ALUMINUM DIE CASTINGS 
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4910's 


Earliest buses used 


Schrader Tire Valves 
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OUTSTANDING TIRE 


ACE OF STANDARDIZATION 


the name for Schrader’s famous 
tire valve operating principle 
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TODAY 


WAGT eT a mall ites lle Mellie ita laliel| 
Ce eee lala l-| taee e ht 


Trailblazer 


VALVE PERFORMANCE: 


meets the strictest standards of every vehicle 


The newest vehicles are better in every detail. The Automotive, Tire and Tire Valve 
Industries contribute cooperatively to the improvements in new vehicles’ design— 
year after year. Schrader’s prime responsibility is to draw upon the skills and expe- 
rience of the Industry and Schrader’s experience as specialists to design and produce 
ch- most practical valves for maintaining the vehicles on the “cushion of air” in the 
tire. A significant sign of this program’s success is that the performance of the tire 
valve is so high that it is taken for granted the world over. 


A. SCHRADER’S SON + BROOKLYN 38, N. Y. 
Division of Scovill Manufacturing Co., Inc. 


FIRST NAME IN TIRE VALVES 
oavitee of Ce ueae FOR ORIGINAL EQUIPMENT AND REPLACEMENT 
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C8) remo THE BALANCE IN YOUR FAVOR 


cally revolves to the correct location 
on the wheel. The stamping head then 
prints the correct weight, accurate to 
.25 ounce. The entire assembly is 
then moved to a station where the 
weights are attached. 


New Olds-developed machine 
makes wheel balancing three 


times more accurate! 


Out-of-balance wheels and tires are 
not only a source of annoyance and 
tire wear, but also in extreme cases, 
a detriment to safety by causing ex- 
cessive shimmy at higher speeds. 


To virtually eliminate this problem, 
Oldsmobile engineers, in conjunction 
with the General Motors Research 
Section, have developed a machine 
that automatically balances every 


cision not previously possible on a 
production basis. With this equip- 
ment, balancing is now accurate to 
2 inch-ounces, or approximately three 
times more precise than before. 


The heart of such accuracy is an auto- 
matic electronic computing device. 
After the tire and wheel are located 
on a delicate sensing table, supported 
on an air bearing, four differential 
transformers signal the out-of-bal- 
ance to an electronic computor. This 
computor then resolves the vector 
forces and a signal of the proper mag- 
nitude and direction is transmitted 


It has often been said that “Olds 
really knows how to put a car to- 
gether.” This reputation grew from 
a sincere concern for just such little- 
noticed details. A warm welcome 
awaits you at your Olds dealer’s. He in- 
vites you to try a 58 Olds on the road. 


OLDSMOBILE Division 


wheel and tire with a degree of pre- to the stamping head which automati- GENERAL MOTORS CORP. 


Pioneer in Progressive Engineering 
---Famous for Quality Manufacturing 


OLDSMOBILE > 
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DEIEVISITION 


ALLIED CHEMICAL CORPORATION 
40 Rector St., New York 6, N. Y. 


Akron Atlanta Boston Charlotte Chattanooga Chicago 
Greensboro Los Angeles New Orleans Philadelphia 
Portland, Ore. Providence San Francisco Toronto 


® 
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America Rides 
Cushioned 
and Cooled 


More and more, urethane foams are used in cars 
for crash-padding, comfort cushioning, insulation 
and vibration dampening! Labor-saving fabrica- 
tion and low cost make them doubly attractive in 
a dozen different applications. 


They are extremely versatile cushioning materials. 
Resilience can be controlled to provide comfort- 
able seating or impact-absorbing safety pads. 


Either topper-pads or full thickness seat cushions 
can be bonded to outer coverings for snug, perma- 
nent fit. Arm rests, luxuriously padded interior 
panels and rug underlays can be made by one- 
operation foaming-to-fabric. 


Thin headliners afford remarkable protection 
against summer sun and winter’s cold. In air- 
conditioned cars urethane foams can provide in- 
sulation throughout ...and soundproofing against 
road noises, too! When rigid foams are used they 
add lightweight structural support. 


As makers of NACCONATE® diisocyanates, 
chemical components in urethanes, National Ani- 
line is ready now with competent technical as- 
sistance for automotive engineers, designers and 
suppliers who wish to capitalize on this material. 
Your letter will bring prompt response. 


lied 


hemical 





HEIM Z&dlal ROD ENDS 


Make it possible to reduce the number of component 
parts formerly used in the link-type parallel and the thread cutter 
mechanisms on Draper looms. The result of this simplification 
has been an improvement in the overall operation of the loom. 


What is the Heim Unibal? 


The outer member can be male (for attaching to a tu- 
bular rod), female (for attaching to solid rod stock), 
or a special shape to fit in with a particular design — 
but there is only one ball, and it rotates in bronze bear- 
ing inserts to correct misalignment in every direction. 
This Unibal construction provides a large surface sup- 
porting area to carry heavier loads. Here is a stock part, 
made in a wide range of sizes, which can take the place 
of a specially made assembly and perform better and 
smoother. 


Heim Unibal Bearing used in the lug strap 
connector in the pick motion. 


A pair of 4%” Unibal units are used in the 
thread cutter mechanism. 


Four Heim female rod ends are used in the 
start-stop shipper linkage. 


Write for 
the Heim catalog. 


Ask for 
any engineering aid. 
Heim Unibal Rod End 


THE HEIM COMPANY 


FAIRFIELD, CONNECTICUT 
Draper X-2 Model loom 
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, 
F r lendly HIS 100% forced convection furnace is just one unit 


of the highly specialized equipment used in making 
“Double Diamond” gears. Because we manufacture gears — 


: 
infe rn ip and only gears—we avail ourselves of every kind of improved 
technique and equipment that will produce completely con- 


to trolled quality. 


What does this mean to you? Simply this: 


m A ke BETTER GEARS that offer the advantages of lower installed 
cost, economical and dependable service on the job for 


which you buy them .. . gears that do credit to your product 
“ ETT F H and your reputation. 
Our gear engineers are available for consultation. Just write. 





eit ns one a, ono i 


In this controlled atmosphere furnace, 100% forced convec- _ hardening and modified Marquenching or regular quenching 
tion heating of gears by Automotive Gear Division insures in selected grades of oil—time, temperature and atmosphere 
uniform heating of every part to the desired temperature. _in each zone are automatically controlled. Thus, the quality 
Through the entire operation—pre-heating, carburizing, that is cut into the gear is retained. 


AUTOMOTIVE GEAR DIVISION 
MANUFACTURING COMPANY 
RICHMOND, INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 





EXAMPLES 


of many thousands 


PIONEER 


921-T 


TOOLING PLATE 
is the choice of 


TOOL ENGINEERS 


Pioneer 921-T Cast Aluminum Tooling Plate can be adapted to any precision 
tooling job without preliminary milling. Every Pioneer 921-T plate, 4,” or more 
in thickness, is held within a flatness tolerance of .010” in all directions. It is 
extremely stable, weighs 60-70% less than tool steel and possesses high tensile 
strength. The special aluminum-titanium alloy composition of Pioneer 921-T and 
method of casting insures uniformity, and guarantees freedom from porosity, 
distortion and casting defects. Being easily sawed, tapped, milled or welded, 
Pioneer 921-T is a universal tooling metal, saving material, time and man hours 
to reduce overall tooling costs. 

At the left are shown a series of precision fixtures in which Pioneer 921-T was 
used in order to meet close tolerance requirements in the manufacture of a jet fuel 
component. Mail the coupon and receive free, all issues of TOOL TALK, present- 
ing new and unusual applications of Pioneer 921-T. 


SPECIFY PIONEER 921-T AND ORDER FROM THESE METAL SUPPLIERS 


ALBUQUERQUE, N.M.: Morris Steel & Supply Co. LOUISVILLE, KY.: Reynolds Aluminum Supply Ce. 
ATLANTA, GA.: Reynolds Aluminum ieoety bo MEMPHIS, TENN.: Reynolds Aluminum Co. 
BOSTON, MASS.: American Steel & aan Corp. MIAMI, FLA.: Reynolds Aluminum Supply 
Joseph T. Ryerson & Son, Inc. MILWAUKEE, WIS.: Joseph T. Ryerson & Son, yi 

BIRMINGHAM, ALA.: Reynolds Aluminum Supply Co. NASHVILLE, TENN.: Reynolds Aluminum Supply Ce. 
CHICAGO, ILL.: Joseph T. Ryerson & Son, Inc. OAKLAND, CALIF.: Earle M. Jorgenson Co. 

Kasle Steel and Aluminum ee VA.: Reynolds Aluminum Supply Ceo. 
CLEVELAND, O.: Kasle Stee! Corp. ST. LOUIS, MO.: Industrial Metals, Inc. 
DALLAS, TEX.: Vinson Stee! & Aluminum Co. SOUTH BEND, IND.: Kasle Stee! Corp. 
DEARBORN, MICH.: Pioneer Aluminum Inc. TULSA, OKLA.: Industrial Metals, Inc. 
DENVER, COLO.: ABC Metals Corporation UNION, N.J.: Mapes & Sprow! Steel Co. 
DETROIT, MICH.: Kasle Stee! Corp WALLINGFORD, CONN.: eee Ryerson & Son, tne. 
ceane earies, aan, =~ ond ‘Ateminwn Co. WICHITA, KAN.: Industrial Metals, Inc. 

‘asle Steel Co: 

HARTFORD, CONN.: American Stee! & y Corp. pene ae 
HILLSIDE, N.J.: Edgcomb Stee! & Aluminum Corp. 4050 Horton $1... Emeryville 8, Calif. 
HOUST ‘ON, TEX.: Vinson Steel and Aluminum Co. Also. F , Calif.; Phoenix, Ariz.; Salt Leke City 


ee JERSEY city, N.J.: Joseph T. Ryerson & Son, Inc. 
SAE-5-58 KANSAS CITY, MO.: Industrial Metals, Inc. The Norwest Company 
PIGHEES ALUMINA 1006. LOS ANGELES, CALIF.: Bralco Metals Co., Inc 330 Second Ave. West, Seattle 99, Wesh. 
5251 W. Imperial Highway ‘ Continental Metals Co., Inc. 

Los Angeles 45, Calif. . Earle M. Jorgenson Co. 


Please send me TOOL TALK, as issued, FREE. Tool Components, Inc. 


Name — PIONEER acuminuo inc. 


_ ae ae 5 F . T SUBSIDIARY OF MORRIS P. KIRK @ SON. INC.. PACIFIC COAST UNIT OF NATIONAL LEAD CO TOOLING PLATE 
S251 W. IMPERIAL HIGHWAY + LOS ANGELES 45. CALIFORNIA 2 aL 
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Brazing Story in Five A 


... With Handy & Harman 
EASY-FLO 


The Perlman Heat Treating Corp., 
Westbury, Long Island, brazes air- 
craft fuel system parts for WEBA, 
Inc. One of these is a fuel filter screen. 
It consists of five parts: two stiffen- 
ers, a screen and two end fittings, all 
of 302 stainless steel. All of these 
parts are joined by EAsy-FLO silver 
brazing, using both induction and 
hand-torch heating methods. 


A novel feature is the induction heat- 
ing method used to braze the two 
stiffeners to the screen. It is sort of 
an “upside-down” method, through an 
asbestos board and carbon block, on 
which the screen rests with the Easy- 
FLO wire preform preplaced. The 
board and block permit enough pass- 
age of heat to melt the alloy to the 
mesh and stiffeners without excess 
overflow. Because the alloy won’t wet 
the carbon block, the result is a clean, 
finished fillet. 


The larger, cage-type fitting is 
HANDY-FLUXED, as is the circular pre- 


form of EAsy-FLO, then assembled 
and placed in an induction coil. The 
smaller end fitting is inserted in the 
screen, preheated by induction and 
then torch-brazed, with the alloy being 
hand-fed. Alloy cost for the entire 
assembly is ten cents. 


The main point here is the adaptabil- 
ity not only of the alloy, but the braz- 
ing method. Hardly anything stands 
in the way of brazing that a little 
ingenuity can’t solve, as Perlman Heat 
Treating has demonstrated. We’ll be 
very glad to bring the full and very 
beneficial brazing story to your atten- 
tion. More and more, people with all 
kinds of metal-joining problems are 
finding that Handy & Harman silver 
alloy brazing has most of the answers. 
Answers that may benefit you. 


FIRST, BULLETIN 20 — This informative 
booklet will get you off to a good start 
on the values, techniques and econo- 
mies of low-temperature silver braz- 
ing. A copy awaits your request. 


Source of Supply and Authority on Brazing Alloys or.» run 


ATLANTA, GA, 
BRIDGEPORT. CONN, 
PROVIDENCE, &. 1 


HANDY & HARMAN 22" 
General Offices: 82 Fulton $t., Mew York 38, %.Y. anism cas 
DISTRIBUTORS IM PRINCIPAL CITIES monvasas. ganana 
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DELCO 

HIGH POWER 
TRANSISTORS 
are made from 


In the center of the quartz housing, a germanium crystal 
is being grown. A “perfect crystal lattice,” it will be cut 
into wafers 3/10ths of an inch square and less than 
1/100th of an inch thick to become the heart of Delco 
High Power transistors. 


DELCO RADIO 


Division of General Motors, Kokomo, Indiana 


BRANCH OFFICES 
Newark, New Jersey Santa Monica, California 
1180 Boulevard 726 Santa Monica 
Tel.: Mitchell 2-6165 Tel.: Exbrook 3-1465 


GERMANIUM 


because it alone combines these 5 advantages: 


Lower saturation resistance — Germanium gives Delco High 
Power transistors a typical saturation resistance of only 
3/100ths of an ohm. No other present material offers this 
characteristic, which permits efficient high-power switching 
and amplification from a 12- or 24-volt power supply. 


Higher current gain—Gain with germanium is not only 
higher but is more linear with current. 


Lower distortion —In many applications, distortion require- 
ments can be satisfied only with germanium transistors. 


Lower thermal gradient—As far as deliverable power of 
present devices is concerned, germanium meets the need 
and, in addition, provides a thermal gradient of only 
1.2° C/watt. 


Greater economy—More power per dollar. 


Examine Delco High Power germanium transistors and see how practical 
it is to go ahead with your plans now. For high current applications there is 
no better material than germanium, or Delco Radio would be using it. 
All Delco High Power transistors are produced in volume; all are normalized 
to retain their fine performance and uniformity regardless of age. Write 
for engineering data and/or application assistance. 
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High-Strength Steels 
make your product 
last longer and/or 
weigh less 


Longer life and/or lighter weight come nat- 
urally when you use N-A-X HIGH-STRENGTH 
steels. One of these two steels may fit the 
specifications of your product: 


N-A-X FINEGRAIN STEEL 
N-A-X HIGH-TENSILE STEEL 


Both are low-alloy, high-strength steels with 

many diversified applications in modern metals 

design. Compared with mild-carbon steels— 

e They are 50% stronger 

e They have high fatigue life with great 
toughness 

e They have greater resistance to wear or 
abrasion 

e They are readily welded by any process 

e They are stable against aging 

e They can be cold formed readily into 
difficult stampings 

e They polish to a high luster at minimum cost 


N-A-X “INEGRAIN’S resistance to normal at- 
mospheric corrosion is twice that of structural 
carbon steel. Where greater resistance to 
extreme atmospheric corrosion is important, 
N-A-X HIGH-TENSILE is recommended. 


Let us show you how you can use N-A-X HIGH- 
STRENGTH steels to make your product last 
longer and/or weigh less. 


N-A-X Alley Sales Division, Dept. F-6 


GREAT LAKES STEEL CORPORATION 


Detroit 29, Michigan + Division of 


HIGH-STRENGTH STEELS | 


NATIONAL STEEL 


CORPORATION 
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No break-in... 
no run-in period 
with IPC 

“square shoulders” 


IPC’s square shouldered cup and “U” 
packings are formed to the shape your 
leather packings will take under high 
pressure. 


What does this mean? In terms of the 
many high pressure applications for small 
cylinders which operate on fast cycles it 
means immediate sealing. No break-in or 
run-in period is necessary. 


You will not be reshaping the shoulders 
of conventional leather cup or“U” packings 
to assure positive sealing. More. . . you'll 
eliminate excessive strains and resulting 
weaknesses of the leather by not having to 
reshape your packings in the application. 


IPC “endgrains” and molds leather 
packings in both cup and “U” shapes from 
the world’s finest materials. Whatever your 
packings problems . . . it’s worth the time 
to check IPC’s “custom ap- 
proach.” A complete and ex- saan 
perienced engineering staff is 
available to assist you with AAT 
any sealing application. za 


Packings 
Oil Seals 
Precision Molding 


INTERNATIONAL PACKINGS’ <0%70%4110% | 


Bristol, New Hampshire 
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IT’S BENDIX-LAKESHORE FOR COMPLETE 
HYDRAULIC ENGINEERING AND MANUFACTURING 


— Automotive or Agricultural — 


Whatever your needs in agricultural 
or automotive hydraulic components, 
you’ll be wise to look first to Bendix- 
Lakeshore. One of the newest and 
most modern divisions of the great 
Bendix Aviation Corporation, Bendix- 
Lakeshore is geared to provide you 
with fast, efficient service on any 
product, whether it’s designed by 
our own skilled engineering staff or 
produced here from your design. 


Despite being a comparatively new 


division, Lakeshore is old in experi- 
ence. Backed by the great resources 
of Bendix Aviation Corporation, it 
is staffed in large part by engineers 
who have spent an aggregate of hun- 
dreds of years in hydraulic research 
and design, both with Bendix* and 
other firms. Solid engineering research 
and extensive testing are standard 
procedure with us. When you order 
hydraulic components from Bendix- 
Lakeshore, you get the benefit of 


complete engineering facilities. 
Bendix-Lakeshore’s reputation for 
quality in the field of hydraulic com- 
ponents has helped us acquire, in the 
space of five years, a list of customers 
whose standards are beyond question. 
Remember, if you have a problem in 
engineering or manufacturing of auto- 
motive or agricultural hydraulic com- 
ponents, it will pay you to investigate 
the facilities and abilities of Bendix- 


Lakeshore in these specialized fields. 
*TRADEMARK 


Lakeshore Division Riy.™/4 


SAE JOURNAL, MAY, 1958 





Gardner-Denver (Keller) 0O0ORSD and 12A-2 screw drivers with cushion clutch, 
magnetic bit holder and Phillips insert bit assembling dual headlights for 1958 cars. 


These Air-Operated Screw Drivers Are Paying for Themselves 


If you drive only 400 screws a day, a Keller air-operated screw 
driver, such as those shown above, will pay for itself in six months. 
These lightweight air tools are easier on their users . . . help them ee eae oe 
keep pace with fast-moving assembly-line work. Denver booklet gives 


Despite their high load factor, Keller pneumatic screw drivers ee ee 

run cool always. They have the right combination of torque, ad- ers and nut setters, as | 

justable clutch and magnetic holding of screws for fast, efficient well as other Keller air 
tools and accessories. 


driving. They are the modern way to reduce assembly-line time A copy ie yours for the 
and costs. asking. 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 


In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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REICHHOLD PRODUCTS po mme | FOUNDRY PROCESS OUTSTANDING FEATURES 
FOUNDREZ co High Hot Strength 
7101,7102,7103,7104 NTT High Baked Strength 
FOUNDREZ HUT Rapid Collapsibility 

7600,7601,7605 Resin CORES Fast Bake 
C0-RELEES bcelent 
7300 (Sand, Cereal, Sand Conditioning 
Ua ce 
coRCiment Broad Baking Range 
7990,7991,7992,7993 Excellent Workability 


= eee 


Powdered is 
ae ayy CORES Self-Activation 


FOUNDREZ OS SURLY High Tensile Strength 
7520 Resin 
F C0 ROVIT Powdered 
oy _SELF-CURING 


COROVIT MOLDS AVI vali ery Excellent Flowability 
7202 (Dry Sand, Binder, Accelerator) 


For further information regarding any of these materials, write our Foundry Products Division at White Plains 


Your Partner in Progress essex iL 


FOUNDRY PRODUCTS 
FOUNDREZ— Synthetic Resin Binders 
COROVIT—Self-curing Binders » coRClment—Core Oils 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N. Y. 
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irst of a series 
BIG HORSEPOWER 


‘ae at wea 
Lic: PAGCKAG 


pow MIcKERS, high performance vane pump 


@ high speed e@ high pressure @ high efficiency @ high service life 


NEW COMPACT DESIGN . . . more than twice the 
horsepower of previous pumps in the same package 
size. 


NEW VANE CONSTRUCTION . . . positive vane 
tracking at all speeds assures efficient operation at 
increased speeds and pressures. 


NEW SIZES not previously available . . . answers 
mobile equipment designers’ need for greater hy- 
draulic horsepower in limited space. 


NEW PARTS INTERCHANGEABILITY ... many 
common parts for single and double pumps (two 
umps on the same shaft in one envelope). Lessens 
mventory requirements. 


NE v 1-BOLT SAE FLANGE CONNECTIONS 
also accommodate user’s 2-bolt flanges of the 
Soames design. 


NEW 2-BOLT MOUNTING (SAE 1959 STD.). 


NEW REPLACEABLE PUMP- 
ING CARTRIDGE. . . all wearing 
parts of pump are compared in 
one replaceable cartridge. Easy 
field replacement without ¢ removing 
pump from its mount. Cartridges 
available in kit form. 


MORE HORSEPOWER PER DOLLAR. 
The graph at the right makes a revealing 
comparison between this new pump and a 
previous pump of the same rated delivery. 
The new Vickers “High Performance” pump 
provides more than twice the horsepower at 
less cost while shrinking package size from 
200 to 112 cubic inches. 


The complete line of “High Performance” 
pumps (both single and double) is being 
readied for release. Size range will accom- 
modate your largest requirements. This ,,. 
first model of the series is available in three ; 
ring capacities; 12 gpm, 14 gpm, and 17 

gpm as shown in table below. 


2V12A-**10 
2V14A-**10 
2V17A-**10 


tExclusive of Shaft Extension and Mounting Lobes 


Write for new illustrated Bulletin No. M5108 for further details and performance characteristics. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


Mobile Hydraulics Division 
ADMINISTRATIVE and ENGINEERING CENTER 


Application Engineering Offices: « ATLANTA « CHICAGO « CINCINNATI 
CLEVELAND « DETROIT + GRAND RAPIDS « HOUSTON « LOS ANGELES 
AREA (EL Segundo) » MINNEAPOLIS « NEW YORK AREA (Springfield, N.J.) 
PHILADELPHIA AREA (Media) + PITTSBURGH AREA (Mit. Lebanon) 
PORTLAND, ORE. « ROCHESTER « SAN FRANCISCO AREA (Berkeley) 
SEATTLE « ST. LOUIS « TULSA 
FACTORIES ALSO IN AUSTRALIA, ENGLAND, GERMANY & JAPAN 


'N CANADA: Vickers-Sperry of Canada, Lid., Toronto, Montreal & Vancouver 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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| Watch Reynolds All-Family Television Program, ‘‘DISNEYLAND"’, ABC -TV. 


Aluminum’s 
flexibility 

in design, fabrication 
and finishes, offers 


a variety of sales 
appealing bumper ideas 


Consider these aluminum bumper advantages: 


> Styling and design versatility. With alumi- 
num you are not limited to one finish — there 
are attractive new textures and finishes includ- 
ing clear and color anodized combinations 
with the “look of sterling’’ and ‘“‘the gleam 
of gold’. Contrasting colors can also be 
added through the use of organic finishes. 
And, paint films adhere to anodized alumi- 
num remarkably better than to other mate- 
rials used for decorative applications. 


Long lasting beauty and economy. Aluminum 
bumpers cannot rust — ever. Anodizing solves 
corrosion problems even with deep recesses 
that cannot be plated economically. Econ- 
omy results from original production savings 
and reduced warranty costs. 


Lighter weight. Aluminum cuts ‘“‘overhang”’ 
weight, can reduce total bumper weight by 
one-half, gives brakes less load to stop. 


Fabricating savings. Extruded aluminum 
bumpers, for example, can slash bumper 
tooling costs. Reinforcing members integral 
with bumper itself can be designed into 
either side for strength or beauty. If desired 
for style reasons, grooves also can be ex- 
truded for inserting bumper faces of other 
materials and colors. Stamped sheet alumi- 
num bumpers can cut finishing costs—elimi- 
nate need for many finishing operations 
required with other metals. 


On this application and on countless others, 
Reynolds Aluminum Specialists will be glad to 
work with you to help you get the very most 
from the aluminum you use. For details on this 
service and on aluminum mill products or fabri- 
cated aluminum parts and trim, call your near- 
est Reynolds Office. Or write Reynolds Metals 
Company, Fisher Building, Detroit 2, Michigan 
or P.O. Box 1800-MY, Louisville 1, Kentucky. 


NOTE: Before you buy any part—have it designed 
and priced in aluminum. Basic material costs do 
not determine part costs. New techniques and 
processes —applicable only to aluminum — can 
give you a better product at a lower final cost. 


binge wish Abeoninaas Reynolds 
Aluminum 


the metal for automation * 
TRADE MARK 4 








AUKESHA 


a 
EN ES and POWER UNITS— 10 hp.-1235 hp. 


4 Normal and Turbocharged Diesels, Gasoline, Natural Gas, LPG --- 
ay Standard or Counterbalanced Crankshafts 
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Model VLRDBS 
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185 @ 2800 
280 @ 2100 
352 @ 1800 
390 @ 1200 
695 @ 1200 
1235 @ 1200 


18 @ 3200 . 
34 @ 2600 

2200 

2400 

2400 

2400 


155 @ 2250 (F) 
170 @ 2250 (F) 
216 @ 2000 (F) 


2894 | 82x82 
3520 | 9%x8' 
5788 | 82x82 


*Peetures: 4,6, 12-Number Cylinders, A-Aluminum Pistons, D-Dry Sleeves, I-lron 
Pistons, L-L-head, N-No Sleeves, O-Overhead Valves, W-Wet Sleeves. 
** Also, with iron pistons for low speed service. (F)-Rated higher for fire service. 
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TWO NEW FIRSTS FROM DELCO-REMY 


End view 
showing 
rectifiers 


Now, a unique new a.c. generator with integral 
rectifiers requires no periodic servicing! 

Developed by Delco-Remy engineers, in cooperation 
with GMC Truck and Coach engineers, this radically 
new generator is capable of a continuous output of 
215 amperes at cruising speeds and 135 amperes at 
normal engine idle . . . performance ideally suited to 
modern coaches. It is a totally enclosed, brushless 
unit complete with compact, built-in, long-life silicon 
rectifiers. All mating structural parts are sealed with 
special high-temperature “‘O”’ rings. The entire as- 
sembly is effectively cooled by a continuous flow of 


External 


QIL-COOLED A.C. GENERATOR 
WITH BUILT-IN RECTIFIERS 


engine oil passing through the generator. 


Sealed construction of the new unit keeps out dust 
and dirt and prevents damage caused by detergents 
used in engine cleaning. Absence of brushes, slip 
rings, rubbing seals and air filters, plus a continuous 
supply of engine oil for bearing lubrication, eliminates 
the need for servicing between engine overhauls. 


This revolutionary new oil-cooled a.c. generator with 
built-in rectifiers is an outstanding example of Delco- 
Remy engineering leadership in the automotive 
electrical field. 


view ALL-NEW TRANSISTOR 


VOLTAGE REGULATOR 


© 


Delco-Remy’s all-new transistor generator regulator 
represents a bold new concept in voltage regulation 
—an electronic unit composed of durable, long- 
lasting transistors and diodes with no moving parts. 


This compact new regulator performs its function 
electrically rather than through electro-mechanical 
components. By using semi-conductors as voltage- 
sensitive and control devices it provides more accu- 
rate control of generator voltage, and handles much 
higher field current for better generator performance. 


Since there are no moving mechanical parts, there 
are no springs, hinges, or contacts to maintain. 
Mounting position and vibration have no effect on 
its operation, and the adverse effects of temperature 
changes and humidity are practically eliminated. To 
the user this means long-lasting settings and the 
elimination of periodic maintenance. 

This advanced design transistor voltage regulator is 
still another example of Delco-Remy progressive 
engineering at work for you. 


J 


Ex GENERAL MOTORS LEADS THE WAY-—STARTING WITH Delco-Remy ELECTRICAL SYSTEMS 


DELCO-REMY 2 
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The 400-Mustangs drive White’s 3000, 4000, and 9000 series tractors. In these 
vehicles they are giving outstanding operating economy ... due in part to White’s 
use of Nickel cast iron blocks. 


Newest White Mustang / 
Extra strength of Nickel cast 


iron gives her extra “go” 


This is a powerful, rugged engine... built for maximum “go” with 
minimum maintenance in day-in, day-out tractor trailer service. 

White Motor Company builds it. It’s one of their new 400-Mus- 
tangs (145, 160, 200, 215 HP). As in earlier Mustangs, blocks for the 
long-lasting 400s are made of a Nickel cast iron. 


Nickel cast iron meets 4 design needs 

White’s traditional reliance on Nickel cast iron blocks for the Mus- 
tangs is soundly based on four design needs. 

Extra strength Nickel cast iron gives the light, “pillar—type” Mustang 
block the extra strength needed for long, reliable heavy-duty service. 
Pressure tightness With Nickel cast iron the complex block can be 
reliably cast with the pressure tightness needed in these high compres- 
sion engines. 

Extra wear resistance Nickel cast iron provides the improved wear 
resistance for this powerful engine. 

Machinability Nickel cast iron gives White fast, easy machining. Its 
high strength is not obtained at a sacrifice in machinability and pro- 
duction costs are held down. 


INCO NICKEL 


160 


From the fleet operator's view point... 
The light weight Nickel cast iron 
blocks in the Mustang improve operat- 
ing economy, reduce maintenance and 
replacement costs, cut road side repairs. 
If you buy or build internal combus- 
tion engines, look into the advantages 
of Nickel iron castings... for blocks, 
heads, flywheels, crank cases, cam- 
shafts, manifolds and other parts. 
Write for Inco’s helpful “Guide to the 
Selection of Engineering Irons.” 


THE INTERNATIONAL NICKEL COMPANY, INC, 


67 Wall Street New York 5, N. Y. 
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GUARANTEED PURITY! 


Argon of 99.995% minimum purity 


Guaranteed by LINDE! 


The inert argon welding gas you get from LINDE is now guaranteed* to 
contain less than 50 parts per million of impurities. And it’s LINDE’s 
regular industrial argon—not a special, extra-cost grade. You get this 
extremely high purity on delivery to you, regardless of the way the argon 
is delivered. : 

LINDE’s 50 years of experience in producing gases of extremely high 
purity make this assurance possible. You can depend on LINDE con- 
sistently for the highest possible purity in the gases you use. LINDE 
Company, Division of Union Carbide Corporation, 30 East 42nd Street, 
New York 17, N. Y. Offices in other principal cities. In Canada: Linde 
Company, Division of Union Carbide Canada Limited. 


* LINDE argon delivered as a liquid is For Argon of guaranteed 


the purest inert gas on earth. Guaran- 


teed to contain less than 50 parts per highest purity. .. call LINDE! 


million of impurities, LINDE liquid ar- 
gon contains, on the average, less than 
\% of this amount and practically no 
moisture. 


Union Carbide Corporation. 









UNION 
CARBIDE 


iH 


Bring R/M’s greater experience, better facilities, 
to bear upon all your TEFLON’ problems 


There is no substitute for the years of experience which Raybestos- 
Manhattan engineers have had in handling “Teflon”’—nor for 
the unequaled plant facilities which implement this know-how. 
That is why we suggest that you come to R/M for all your 
“Teflon” needs. 

The extruding, molding, machining, and bonding of “Teflon” 
is an old story at R/M. We are familiar with applications in the 
automotive and aircraft industries, where “Teflon” serves better 
than any other material, and we will be glad to fabricate parts 
and components to your precise specifications. 

In addition, we can supply you with the other R/M “Teflon” 
products, such as flexible “Teflon” wire braid covered hose, 
“Teflon” sheets, tape, tubes, rods, and bondable “Teflon.” Get 
in touch with your nearest R/M district office for the “Teflon” 
products you require and engineering information. Or write us for 
further information and literature. ©A DuPont trademark 


Other R/M “Teflon” products useful to your industry include 
centerless ground rods held to very close tolerances; stress- 
relieved molded rods and tubes; parts painstakingly machined 
to your specifications. Our mechanical grade of “Teflon”— 
Raylon—has many characteristics of virgin “Teflon.” 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. 


Contact your nearest R/M district office listed below for more information or write to Plastic Products Division, Raybestos-Manhaitan, Inc., Manheim, Pa. 


BIRMINGHAM 1 « CHICAGO 31 « CLEVELAND 16 « DALLAS 26 « DENVER 16 « DETROIT2 « HOUSTON 1 » LOS ANGELES 58 « MINNEAPOLIS 16 
NEW ORLEANS 17 « PASSAIC « PHILADELPHIA 3 « PITTSBURGH 22 « SAN FRANCISCO 5 « SEATTLE 4 « PETERBOROUGH, ONTARIO, CANADA 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics * Asbestos Textiles « Mechanical Packings * Industrial Rubber » Sintered Metal Products *« Rubber Covered Equipment 
Abrasive and Diamond Wheels « Brake Linings « Brake Blocks » Clutch Facings « Laundry Pads and Covers « Industrial Adhesives + Bowling Balls 
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ANOTHER GREAT PRODUCT OF @C) ENGINEERING CREATIVITY! 


New... 


pressurized fuel systems 


...prove they improve performance! 


Tested in thousands of miles of operation, AC Pressurized 
Fuel Systems improved gasoline mileage by a full 10% 
and eliminated vapor locks under extreme heat and 
altitude conditions in day-to-day operation! 

Here’s why! Toda 4 s fuels are highly volatile and, even 
under normal conditions, eg to vaporize rapidly. This 
causes loss of fuel through the vent of the tank and 
creates vapor lock in the between the tank and the 
pump. AC’s Pressurized Fuel Systems eliminate both of 
these costly conditions! 

Here’s how! AC’s “bivalve” accurately and automatically 


Flint—1300 North Dort Highway 


AC SPARK PLUG = THE ELECTRONICS DIVISION OF GENERAL MOTORS 


Chicago—7074 N. Western Avenue 


limits the pressure in the fuel tank to 31% p.s.i. Both 
valves are spring loaded to assure perfect performance 
. the inlet valve eliminates vacuum caused by lowering 
the fuel level—the outlet valve releases pressure in 
excess of the controlled amount. 
This pressure is the result of vaporization of the gasoline 
1 cu. in. of fuel cam become 300 cu. in. of vapor 
above 80° F. 
To learn how tlie performance of gasoline powered 
vehicles can be improved with the AC Pressurized Fuel 
System, consult any of these AC Offices— 


Detroit—General Motors Building 


Watch Walt Disney Studios’ ZORRO every week on ABC-TV 


FOR WAR O £8ONM FrETY 
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BIG OR SMALL ... BENDIX DRIVES START THEM ALL 


Throughout the world of transportation it’s an accepted fact 
that you start with Bendix! And it’s not surprising. Bendix* 
Starter Drives have been synonymous with dependability for 
fifty years in the automotive field. They’ve proved themselves 
just as reliable on submarines, aircraft, earth movers, outboard 
motors, helicopters. In fact, every type of internal-combustion 


engine ever built has used a Bendix Starter Drive. Hospitals 
use Bendix Drives to activate their stand-by equipment. Air 
raid sirens across the country are started with Bendix Drives. 
It’s logical to believe that such universal acceptance indicates 
a standard of quality which no other manufacturer has been 


able to match. Need we say more? 
Snes, 6. $. PAT: OFFe 


Bendix-Elmira, n.y. we 


ECLIPSE MACHINE DIVISION 


SAE JOURNAL, MAY, 1958 





Write for Your 
HURON BLUE SHEET 


A compilation of facts on 
the handling and shop treat- 
ment of Huron. Includes 
complete information on 
forging, enaene. ae ee 
ing, etc. and d 

oratory data on _ physical 
characteristics. Ask for your 
free copy. 


ADDRESS DEPT. SA-5 
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A Chicago bench shear manufacturer pro- 
duced some test blades of A-L HURON 
die steel—heat treated to 61-62 Rockwell C. 

Service life of the HURON blades proved 
to be four to five times that of the former 
blades. Resharpenings were reduced 75 to 
80%! Because these new HURON pm 
held an exact rake and maintained a 
cutting arc, they easily sheared 36’ “mild 
steel or 10 gauge stainless. 

HURON die steel was developed for use 


where high resistance to wear and abrasion 
is necessary, and where heavy pressure 
rather than sudden shock must be with- 
stood. HURON has excellent non-deform- 
—er. and hardens to a great depth. 
ere is an A-L tool steel that will help 
solve your cutting, forming or blanking 
problem. Call our nearest office or dis- 
tributor today about your requirements. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


For nearest representative, consult Yellow Section of your telephone book. 
For complete MODERN Tooling, call 


Alleaheny any Ludlum Ms: 


® 





8 SOR AR ARRAN AB iss 9:38 
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when com came to Alcoa with a special problem: 
how to get a lighter, more attractive bumper with 
no compromise in sturdiness and safety. Alcoa has 
four standard alloys that might do the job. But we 
weren't satisfied with that. So, working closely. with 
our automotive colleagues, we developed five new 
experimental alloys that promise important advance- 
ments in forming, coloring and texturing bumpers. 
Here’s why the all-aluminum bumper is an imminent 
“must” on all American passenger cars .. . 


Weight Savings—Alcoa’s new alloys save half the 
weight, or more, of steel. They can be increased in 
thickness and depth to surpass steel in strength and 
deflection characteristics and still save significant 
weight. A 30% increase in thickness, for example, 
can give aluminum nearly four times the energy- 
absorptive capacity of steel—yet the aluminum will 
weigh only 45% as much. 


Broad Design Flexibility—Extrusions, forgings and 
combinations of techniques are far more practicable 
with aluminum. Its easy formability slashes tooling 
costs, saves much expensive machining. Medallions 
and other textures and patterns can be embossed 
right in the metal. Colors, too, can be made part of 
the metal through the magic process of anodizing. 


Strength— Yield strengths of 35,000 psi are possible 
with Alcoa’s new alloys. Even higher strengths are 
obtainable with some of these special materials. 


Corrosion Resistance— Aluminum is highly resistant 
to the corrosive effects of road salt, noxious fumes, 
continuous moisture and humidity. Even when 
scratched, it shows no rust scars. Cleaning with mild 
soap and water keeps it sparkling new. 


LET ALCOA HELP 


Many of today’s automotive advancements in the 
use of aluminum have come from Alcoa’s facilities, 
the world’s largest and most completely equipped. 
Our men, our methods and our years of experience 
are at your disposal. Let us work with you in 
developing a lighter, better-looking, completely safe 
bumper for America’s automotive masterpieces. 
Write Aluminum Company of America, Develop- 
ment Division, 1844-E°Alcoa Building, Pittsburgh 
19, Pennsylvania. 


Alcoa Aluminum gives every car more Gleam and Go 


“ALCOA THEATRE” 
ALUMINUM Exciting Adventure 
wow cowcane or amenren Aiternate Monday Evenings 


meee 


ER 


Your Guide to the Best in Aiu.ninun Valve 





SCIENTISTS 


i.” ’ 
Electron micrograph of titanium alloy sample magnified 10,000 times,showing particles which inhibit plastic ow of matrix material, imparting strength for which metal is known. 


AT EVERY STAGE FROM BASIC RESEARCH TO 
HARDWARE REPUBLIC ENGINEERS & SCIENTISTS REALIZE 
PROFESSIONAL SATISFACTION TACKLING SUPERSONIC 
& UPPER ATMOSPHERE PROBLEMS FOR AIRCRAFT & MISSILES 
The multiplicity of programs in progress at Republic affords engineers and scientists the 
opportunity to express their individual talents in solving today’s and tomorrow’s problems for 


manned and unmanned supersonic and upper atmosphere aircraft and missiles. For over 


25 years, Republic Aviation has been a vital leader in flight with a record of many significant 


firsts in advancing the state of the art. 


A The photomicrograph shown above is just one 
example of the thoroughness with which our research 
and development people explore vital new projects. 
Important positions are open immediately: 


SPECIALISTS — Engineers 
5-7 years experience — BS, MS 


Aeroelasticity— AE. To evaluate interactions of structural 
deformation and aerodynamic loading and their effects on 
structural design and stability and control of airplane or 
missile. Preliminary investigations on flutter requirements. 


Propulsion Systems — Requires strong theoretical background 
in order to evaluate new propulsion systems for specific 
applications. Also responsible for general power plant and 
ejector performance analyses, formulation of engine con- 
trol requirements. 


Heat Transfer — AE or ME. Heavy experience in heat trans- 
fer, thermodynamics. To work in area of aerodynamic heat- 
ing of aircraft or missiles and re-entry problems of space 
vehicles. 


Air-Conditioning & Auxiliary Equipment — To establish heat 
load requirements for air-conditioning systems from study of 
functional usage.and specific environment of flight vehicles. 
Supply technical data for the design of the selected system 
and its internal ducting. 


Engine Air-Iniet & Exhaust — AE, ME. Experience in analysis 
of internal and external aerodynamics at supersonic speeds. 
Responsible for coordinating inlet design with airframe and 


engine configuration. 


SPECIALISTS — Engineers — Physicists — Mathematicians 
7-10 years experience — BS, MS or PhD 


Operational Analysis — Reconnaissance & detection systems. MS with 
broad background missile or aircraft field (electronics, vehicle 
performance, armaments, structures or applied mathematics). 


Operational Analysis — Reconnaissance & detection systems. MS. 
Requires extensive knowledge of probability & game theory. 


Operational Analysis — Armament systems. (Advanced bombers) 
BS with 4-5 years relative experience. Understand current arma- 
ment principles and damage criteria. 


Guidance Systems — EE or Physics background in design and anal- 
ysis of inertial navigation systems. 


Reconnaissance Systems — MS, Physics. Application of optics and 
infra-red techniques. 


Theoretical Fluid Dynamics — AE or Physics, MS or PhD. To conduct 
basic research in fluid dynamics related to hypervelocities of flight 
in rarefied atmosphere at orbital speeds. Requires strong aero- 
nautics, understanding kinetic theory of gases applied to field, 
Reynolds number and dissociation effects. 


Aerodynamics Development — AE. To perform parametric studies in 
preliminary design stage of aircraft, missile or space ship projects. 
Needs imaginative cast of mind plus solid background in propul- 
sion, aerodynamics, stability and control, trajectory and wind tun- 
nel testing. 


Air Load Design Requirements — AE. To visualize and select critical 
design conditions essential in estimating air pressure distribution 
on various components of aircraft or missiles. 


Send complete resume, in confidence, to: 
Mr. Georce R. HICKMAN 
Engineering Employment Manager 


STEPS ssg AVIATZany 


Farmingdale, Long Island, New York 
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Security Cartage Company Chooses 
Midland For Reliable, Low-Cost Service 


, E’RE mighty particular about our equip- 
ment,” comments E. W. Krause, president 
of Security Cartage Company, Fort Wayne, 

Indiana, “because we know what an important 

factor it is in building customer satisfaction — 

and in maintaining high safety standards. 


“We've used Midland Power Brakes for years 
and we’re very happy with the results. They’re 
dependable, require much less maintenance, and 
are more economical to operate.” 


Midland Power Brakes are chalkiny up out- 
standing performance records in major fleets 
everywhere. Next time you order new trucks and 
trailers, specify Midland Power Brakes. And for 
replacement components and accessories, see your 
nearest Midland Distributor—or contact the 
factory direct. 


MODEL 7.4 COMPRESSOR 


Midiand HE* Air Compres- 
sors have many exclusive 
advantages, are known for 
their clean, carbon-free oper- 
ation, their ability to pro- 
duce pressure faster with less 
power. 


*Highest Efficiency 


The Most Complete Line of Braking Equipment 


Security Cartage Company, Fort Wayne, In- 


Be : ee) LAN oC. ROS y diana, operates 366 pieces of equipment, has 


modern terminals in 9 cities throughout In- 

CORPOR ATION diana, Illinois, and Ohio. Its rapid growth 

reflects its emphasis on fine equipment, the 

OWOSSO DIVISION + OWOSSO, MICHIGAN “<= most efficient facilities, and carefully trained 
Export Department: 38 Pearl Street, New York, N.Y. personnel. 
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Enjay Buty! is used in the new Willys ‘Jeep’ FC-150 Truck—as 
weather strips, transmission mountings, smal! extrusions for doors. 


ENJAY BUTYL 


new ‘Jeep’ 


Improves performance, cuts costs in 


The new Willys ‘Jeep’ “Forward Control’’ 
Truck features all-direction visibility. The 
more than 2,700 square inches of glass 
demanded a window-sealing material that 
would stay firm and weather-tight for the 
life of the truck. Supplier B. F. Goodrich 
Co. chose Enjay Butyl for weather- 
stripping because of its exceptional resist- 
ance to weather and aging. A tighter, 
longer-lasting seal is assured by the well- 


known vibration and shock-absorption 
qualities of Butyl—an important factor in 
this rugged-duty ‘Jeep.’ 

Butyl offers improved quality at low cost. 
More and more automotive manufacturers 
are switching to Butyl. Today over 100 
automotive parts are made with this 
modern rubber. For further information 
and expert technical assistance, write or 
wire the Enjay Company. 


Pioneer in Petrochemicals 


(Ensay ENJAY COMPANY, INC., 15 west 5ist Street, New York 19, N.Y. 


Akron + Boston + Charlotte + Chicago + Detroit + Los Angeles + New Orleans + Tulsa 
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BUTYL 


Enjay Butyl is the greatest 
rubber value in the world. 
It’s the super-durable rub- 
ber with outstanding resist- 
ance to aging « abrasion + 
tear « chipping « cracking - 
ozone and corona « chem- 
icals « gases « heat « cold « 
sunlight + moisture. 
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MONROE AUTO EQUIPMENT COMPANY 
Monroe, Michigan—World’s Largest Maker of Ride Control Products 


In Canada « Monroe-Acme, Lid., Toronto 
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Yes—everybody knows that. Yet it’s still good to remember when you're thinking of auto trim 
and parts. For it’s a basic reason why over:'50% of all America’s new car buyers prefer stainless! 
Car buyers know, too, that stainless helps cars bring more in resale, because stainless doesn’t 
dent like other metals, resists scratches and road chemicals, and comes up bright as new with 
simple soap-and-water washing! So remember stainless—it adds so much, at so little cost. And 
remember, too, the best stainless steels are made with Vancoram Ferro Alloys! Vanadium Corpora- 
tion of America, 420 Lexington Avenue, New York 17, New York. 


= VANADIUM 
weer gy CORPORATION 
Producers of alloys, metals and chemicals “JF , OF AMERICA 
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Specify SPICER 
Four-Wheel Drives.. 


for full-power traction 





ba 





Spicer is your best source 
for complete Four-Wheel 
Drive Assemblies... 














It’s power-matched . . . and, that’s the big advantage of 
the Spicer four-wheel drive assembly. For only Spicer 
can offer you front and rear driving axles, transfer cases 
and propeller shafts that were designed to work together. 


And, you’re assured of durability and quality by Spicer’s 
record of producing 90% of the light-weight four-wheel 
drives in use throughout the world. 


For further information, or assistance in laying out a com- 
plete four-wheel drive package, call the Dana engineers. 
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TIME TESTED 
QUALITY... 


Piston Rings and 
Sealing Rings 


Quality is the heart of modern 
production. That’s why McQuay- 
Norris products are precision 
designed and manufactured to 
completely fulfill your specifica- 
tions. We aim to give you a better 
product at a competitive price! 


For quality that always measures 
up to your needs, contact 


McQuay-Norris. 


McQUAY-NORRIS 


MANUFACTURING CO. St. Louis + Toronto 
Largest Producer of Smali Rings in the Automotive industry 
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“MONOBALL” 


Self-Aligning Bearings 


ANALYSIS RECOMMENDED USE 


Stainless Steel For types opera under h temper. 
1 Ball and Race = ature (800- eee 7 


2 Chrome Moly { For ty under high radial 
Steel Ball and Race Stones | loads (3 tae 893,000 Ibs.). 


3 i= Race and ‘~ ypes operating under normal loads 
Chrome Moly Steel Ball wha minimum friction requirements. 


Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. SAE 58 


SOUTHWEST PRODUCTS CO. 


SO. MOUNTAIN AVE.; MONROVIA, CALIFORNIA 


VELLUMOID 


x 

VELLUMOID 
| MATERIALS ... 
ca 


for that perfect seal! 


Carefully considered gasket appli- 
cations demand the right gasket 
. Look to Vellumoid for both 
engineering assistance and a wide 
range of proven materials. 
The Vellumoid Company offers 
you 50 years of accumulated know- 
how in solving gasket problems. 
Our Sales Engineer is glad to work 
with your engineering groups. 
We'll furnish samples for testing 
on your applications. 


THE VELLUMOID COMPANY 


Worcester, Massachusetts 


WANTED 


Sales Engineer or Assistant Sales Manager, a 
company dealing with trucks, tractors, knowledge 
thermodynamics, preferably graduate engineer, 
not Detroit’ automobiles, but industrial heavy- 
duty engine power plant field, with knowledge of 
trade, member SAE, between ages 28 and 37 with 
some executive experience, able to make friends 
and get job done on reasonable basis. Good future 
for man who can qualify. State experience, send 
snapshot applying. 
Box 186 
SAE Journal 


485 Lexington Ave., N. Y. 17 


LOW TEMPERATURE TESTING 
OF ELASTOMERS 


Compiled By 
Charles M. Miller, Chairman 
AMS Non-Metallic Material Committee 
and 
Dr. Willis O. Gordon, Northrop Aircraft 


August 15, 1956 $1.50 


For further information please write 


SOCIETY OF AUTOMOTIVE ENGINEERS, INC. 
485 LEXINGTON AVE., NEW YORK 17, N. Y. 


NOW AVAILABLE 


AERONAUTICAL INFORMATION 
REPORTS ON AIRCRAFT 
GREASES (DATED MARCH 1, 
1955) 


AIR No. 39, WATER COMPATIBILITY OF 
AIRCRAFT GREASES 


AIR No. 40, CORROSION PREVENTIVE CHAR- 
ACTERISTICS OF AIRCRAFT GREASES $0.75 


AIR No. 41, STABILITY OF AIRCRAFT 


AIR No. 42, CONTAMINATION STUDIES 
OF AIRCRAFT GREASES 


AIR No. 43, LOW TEMPERATURE TORQUE 
TEST FOR AIRCRAFT GREASES 


AIR No. 44, LOAD SUPPORT CHARACTER- 
ISTICS OF AIRCRAFT GREASES 


SOCIETY OF AUTOMOTIVE ENGINEERS, Inc. 
485 LEXINGTON AVE., NEW YORK 17, N. Y. 
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Reflected in this modern motor car wheel, hub-and-drum, and brake 
ae, a Gaberan tank assembly are the precision and excellence of quality which have earned 
fatometive, fwistion ond Agricatteral for Kelsey-Hayes a respected name among suppliers to the 
e anaaeeiotes automotive industry since 1908. Products representative of the 
ed ne ge specialized skills and facilities of Kelsey-Hayes in the manufacture 
(hice Drop Ferg & fost Dict: of fine automotive parts and components include: wheels, brakes, 

i hubs and drums, power brakes, transmission bands and other chassis parts. 


Philadelphia, Pa. (Heintz Divi- 
sion) ; Windsor, Ont., Canada. 
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THERMODYNAMICS ENGINEER 


Excellent opportunity for thermodynamics engi- 
neer with extensive experience in aircraft installa- 
tion and cooling work. Should have good back- 
ground in heat transfer, packaging and aircraft 


structures. Qualificati 
Engineering degree and 3 to 5 years’ experience. 


Advantages of IBM 
A recognized leader in the electronic computer 
field; stable balance of military and commercial 
work; advancement on merit; company-paid relo- 
cation expenses; liberal company benefits; salary 
commensurate with ability and experience. 


Immediate openings at Owego, N. Y. 


Industrial Engine 


_—- 
| 
it as 


a ca 
| | | [26% teng{ [| | 
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WRITE, outlining qualifications and experience, to: 
Mr. Paul E. Strohm, Dept. 684Q 
Military Products Div. 


IBM Corporation 
Owego, New York 


INTERNATIONAL 
I BM BUSINESS MACHINES 
CORPORATION 


DATA PROCESSING + ELECTRIC TYPEWRITERS + MIL 
SPECIAL ENG'G. PRODUCTS . SUPPLIES 


ITARY PRODUCTS 
TIME EQUIPMENT 


Here's Help 
for you who design 
for light weight! 


Here is a handy 40-page guide 
for Magnesium and Titanium 
applications. It has been de- 
veloped for your convenience by 
B & P, pioneers in the fabrication 
and assembly of light metals. 


Write today. 


BROOKS & PERKINS, INC. 


1922 West Fort Street, Detroit 16, Michigan 


FOR SALE 


Two Slightly Used 
Free Piston Compressors 


T slightly used foreign make free piston compressors: One 
Sigma type P13, Serial Number 13C1239, which develops 210 
CEM at a frequency of 700 cycles per minute. $5,000 net, 
f.0.b. Milwaukee, Wisconsin. Terms net 30 days. 

Junkers Type, 2F115A, Serial Number 3005, which de- 
one CFM at a frequency of 740 cycles per minute. 
$2,500 net, f.0.b. Milwaukee, Wisconsin. Terms net 30 days. 
Both units have had approximately 200 hours of carefully 

ised indoor test operation and are in operating 
condition. R to Box 185, SAE Journal, 485 an Ave., 
New York 17, N. Y. 


nz 
onl 
BRANSKERE 
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19 OF THE 20 MAKES OF PASSENGER CARS USE 
ESSENTIAL PARTS ENGINEERED AND PRODUCED BY 


Sorg-Warner 





These units form BORG-WARNER, Executive Offices, 310 S. Michigon Ave., Chic ENGINEERING mn 

Research Center, Des Plaines, Ill. DIVISIONS: ATKINS SAW « BORG & BECK « BYRON JACKSON es, 

CALUMET STEEL « FRANKLIN STEEL « INGERSOLL CONDITIONED AIR ¢ INGERSOLL HUMPHRYES 

INGERSOLL KALAMAZOO « INGERSOLL PRODUCTS « INGERSOLL STEEL « LONG MANUFACTURING 

MARBON CHEMICAL + MARVEL-SCHEBLER PRODUCTS + MECHANICS UNIVERSAL JOINT 

NORGE « PESCO PRODUCTS + PRIMOR PRODUCTS + ROCKFORD CLUTCH + SPRING DIVISION 5 
WARNER AUTOMOTIVE « WARNER GEAR » WOOSTER DIVISION « YORK. SUBSIDIARIES: 

B-W ACCEPTANCE CORP. » BORG-WARNER INTERNATIONAL « BORG-WARNER, LTD. « BORG- 

WARNER SERVICE PARTS « BYRON JACKSON OF CANADA, LTD. « BYRON JACKSON CO., S.A. Mt ua 1 

BJ SERVICE, INC. ¢ LONG MFG. LTD. * MORSE CHAIN * MORSE CHAIN OF CANADA, LTD. Prt eats] 


REFLECTAL » WARNER GEAR, LTD. » WESTON HYDRAULICS, LTD. « YORK SHIPLEY, LTD. 


More than 80,000,000 durable Morse Timing Chains have been used of 4 passenger cars, Morse Timing Chains give car owners steady, 
by the auto industry. Now specified as original equipment for 3 out reliable service—operate quietly and smoothly, with positive timing. 


It’s almost unanimous: 3 out of 4 
1958 cars use Morse Timing Chain! 


This new Morse Timing Chain, above, de- 
signed to meet the needs of higher-horse- 
power 1958 cars, features spring-bushing 
joint construction for tonger service, 
smoother and quieter operation. The new 
buthing cuts joint vibration by reducing 
tendency to “whip,”’ provides for take-up 
of slack, and serves as a damping device to 
minimize noise. Ask for Catalog C60-51. 


The reason is simple: Precision-built Morse Timing Chain assures car 
owners of trouble-free timing for extra thousands of miles. 

It’s been performance-proved by more than 80,000,000 Morse Timing 
Chain installations on cars, trucks, and buses. 


It pays to contact Morse on all your timing chain problems—original 
equipment or replacement. For complete information or engineeri IP 
one, wire, or write MORSE CHAIN COMPANY, DETROIT, 
ICHIGAN; ITHACA, NEW YORK. Export Sales: Borg-Warner 
International, Chicago 3, Illinois. 


SERVING THE AUTOMOTIVE 
INDUSTRY FOR OVER 55 YEARS 


*Trademark hit 
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EVERY BORG & BECK CLUTCH 
MUST “WALK A STRAIGHT LINE” 


TO ASSURE PERFECT BALANCE 


Probably the most important single quality in a clutch is ba/ance— 
because balance means smoothness of operation, not only of the 
clutch but of the engine as well. 

That's why Borg & Beck clutches are checked for balance, at opera- 
tional speeds, on specially designed test machines. Even the slightest 
unbalance is instantly detected and carefully corrected. Perfect bal- 


ance is assured, as shown above, when the electric beam of the oscil- 
lograph is vertically straight on the calibrated screen. And every Borg 
& Beck clutch must “walk this straight line” before it passes inspection. 


This is typical of the extra care that goes into every step in the making 
of Borg & Beck clutches. It is your assurance of top quality, top per- 
formance, top value. 


BORG « BECK 


THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 
BORG & BECK DIVISION, BORG -WARNER CORPORATION, CHICAGO 38, ILLINOIS 
Expert Sales: Borg-Warner international, 36 S. Wabash, Chicago 3 


oin the Parade of Leaders 


who specify Century-Marvel-Schebler 


as factory equipment on LP-Gas models! 


JOHN DEERE 


TOWMOTOR 
HYSTER 
CLARK 
MERCURY 
OLIVER 
COCKSHUTT 
ERICKSON 
AUTOMATIC 
INTERNATIONAL 
ALLIS-CHALMERS 
(Buda-Division) 
REO 
HALL-SCOTT 
DIAMOND-T 
WHITE 
YALE & TOWNE 
READY POWER 
AUTOMATIC 


All of these leaders in automotive 
manufacturing are factory installing 
Century or Marvel-Schebler carbur- 
etors on LP-Gas models. 

This acceptance by manufacturers 
is your guarantee of dependable en- 
gine performance —easy starting, per- 
fect idling and full power for your 
engines. 


Century-Marvel-Schebler have the 
most complete research and develop- 
ment facilities and the broadest line 
of LP-Gas carburetion systems ever 
offered. Sizes and models range from 
5 to 500 h.p. 

For complete information write 
today! Factory trained consultants 
are available to assist you. 


Demand the dependability of a complete Century carburetion 


system with metering valve control of combustion. 


Century Gas Equipment 


Marvel-Schebler Products Division, Borg-Warner Corp. 


Decatur, Iilinois 


Drive, 
Export Sales: Sin Par Automotive Div., Singer Products Co., 15 Moore St., New York 4, N.Y. 
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ON the Job - 
Stays OUT of the Shop 


Strong KEYS (a) on the bearings—and corre- 
sponding KEYWAYS (b) in the flanges—accur- 
ately machined from solid metal, transmit the 
torque in this largest capacity MECHANICS 
Roller Bearing UNIVERSAL JOINTS. Two cap 
screws (c) hold each bearing securely in place— 
their only function—and are locked in position. 
This KEY method of driving has the highest 
safety factor, transmits the most torque with the 
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least weight, and avoids costly breakdowns 
resulting from driving through bolts or screws 
that wear loose. 

Let our engineers show you how this exclusive 


MECHANICS Roller Bearing UNIVERSAL JOINTS advan- 
tage will help improve the operation of your product. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner * 2022 Harrison Ave., Rockford, Ill. 


Export Sales: Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 





B-W skill and ingenuity also benefit 
almost every American every day 
through many other fields, including: 


Aviation — commercial and military aircraft 
and missiles contain vital B-W parts. 


Nucleonics—B-W designed parts are at work 
in almost every U. S. reactor. 
Home—millions of homes use B-W building 
materials, equipment and appliances. 
Farm—9 out of 10 modern farms use B-W 
equipped machines. 


Oil—every oil field has B-W equipment. 


ENCIMNEERING 


DESIGN IT BETTER MAKE IT BETTER 


PRODUCTION 


Borg-Warner 


310 SOUTH MICHIGAN AVENUE e CHICAGO 4, ILLINOIS 





MORE EASILY... 
EFFICIENTLY... 
ECONOMICALLY 


ROLLED THREAD 


SAGINAW '/, SCREWS 


Make Your Product 


easier to produce 
easier to operate 
-_ easier to sell 


The secret lies in a new anti-friction principle—steel balls recircu- 
lating in closed-circuit raceways. They permit Saginaw b/b Screws 
to change rotary motion into linear motion with over 90% efficiency 
and 4/5 less torque than Acme screws. Result: Saginaw b/b Screws 
save manual effort or electrical power; they permit space savings— Automatic Garage Door lifts and lowers easily and smoothly 
smaller motors and gear boxes; they provide more dependable when actuated by Saginaw b/b Rolled thread Screw. 
performance; more precise positioning; more temperature toler- 
ance and more lubrication latitude. 


HOW THE WORLD'S MOST EFFICIENT 
SEVEN STANDARD SIZES REDUCE COSTS ROTO-LINEAR DEVICE WORKS 


When rotary motion is applied to 
precision applications. Saginaw has successfully a the screw, the b/b nut is driven 
14 inches to 3914 feet long—%« inches to 10 inches diameter. ju i me | ee ir 
MANY TYPICAL APPLICATIONS with over 90% efficiency. 
Saginaw b/b Screws have been applied to automatic garage doors, 
mobile seat adjusters and window lifts, barber chairs, hospital 
bumper jacks and circuit breakers. Or they can be used for heavy When rotary motion is applied to 
along its longitudinal axis, changing 
FREE ENGINEERING HELP FOR rotary motion to linear motion with fm AMLLLLS: 
YOUR SPECIAL APPLICATION over 90% efficiency. 


Let Saginaw's experienced engineers help solve your special application 
problems. Just write or phone us—no obligation. 


VS 
a 
E "i i 


RL | 


SEND TODAY FOR FREE 1958 ENGINEERING DATA BOOK 
or i< our section in Sweet's Product Design File 


| saginaw Steering Gear Division 
| General Motors Corporation 
| b/b Screw and Spline Operation 


® 
aAqintwWw oe 


! Please send new engineering data book on Saginaw b/b Screws and 
Splines to: 


! 
| 
a fren 
Creayy ‘ree 
| 


SAGINAW STEERING GEAR DIV., GENERAL MOTORS CORP., SAGINAW, MICH, cry. 
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AUXILIARY POWER 
for the U.S. Army’s deadly 


NIKE HERCULES 


AiResearch units power the contro/s of 
America’s most potent defense weapons 


Key defense and population centers are now 
being ringed with batteries of Army Nike 
Hercules missiles to deter or destroy aggressors. 
Supplying power for flight controls is the 
AiResearch auxiliary power unit pictured above, 
now in production. 

As a member of the Army-industry team pro- 
ducing the Nike Hercules (Army Ordnance, 
Western Electric-Bell Telephone Laboratories 
and Douglas Aircraft), AiResearch was chosen 
to design, develop and manufacture this vital 
accessory power source for the missile because 
of nearly two decades of experience in light- 
weight turbomachinery. 

This experience includes applications utiliz- 
ing solid propellants, liquid mono-propellants, 
bi-propellants, atomic power, cryogenic gases as 
well as gasoline and air. AiResearch’s ability for 
high capacity production as well as in research 
and development, made it the logical choice. 

Garrett’s AiResearch divisions have also 
designed systems and components for 18 other 
missiles and rockets in the U.S. defense arsenal. 

We invite your inquiries. 


so ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


THE €<7.\:i-ij348 CORPORATION 


90" AiResearch Manufacturing Division 


Los Angeles 45, California » Phoenix, Arizona 


Systems, Packages and Components for: AURCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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NOW standard hand socket wrench 
or nut-runner 


drives THREAD CUTTING FASTE 


Specifically designed to hold die-cast or cold-forged name pare. emblems and 
trim against sheet metal surfaces . . . DOT’s hex-head T.C.F. can be used in 
many other applications which require a spring take-up fastener (with inte- 
gtal washer) that pulls up tight without backup on flat or contoured surfaces. 


It cuts clean, deep threads on unthreaded studs, even those that are chrome 
plated. Used on non-vertical studs, T.C.F. accomodates itself to any angle 
up to 20° from the vertical .. . and, when supplied with a pre-assembled 
plastic sealer, makes a water-tight seal. The sealer precedes the fastener 
onto the stud so that it is not damaged by the thread-cutting process. 


T.C.F. is available in quantity, with or without sealer, to fit 1/8’’, 
3/16”’ and 1/4” studs. Detailed drawings, dimensions and prices 
available on request. 


@® tow cost 

@ RE-USABLE 

@ SELF-LOCKING 

@ VIBRATION-PROOF 
@ SPRING TAKE-UP 


Se 2 ae) tb ee) 
CURVES AND ANGLES 
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+ INDEX TO ADVERTISERS + 


A 


A. C. Spark Plug Div., 

General Motors Corp. 
AiResearch Mfg. Co. 136, 
Allegheny Ludlum Steel Corp 
Aluminum Co. of America 166, 
American Felt Co. 

Automotive Gear Div., 

Eaton Mfg. Co. 


Bendix Aviation Corp. 

Eclipse Machine Div. 

Lake Shore Div. . 

Products Div. (General Sales) 
Bethlehem Steel Co. .. 
Borg-Warner Corp. 179, 
Borg & Beck Div., 

Borg-Warner Corp. 

Brooks and Perkins, Inc. 
Bundy Tubing Co. 120, 


Cc 


Campbell, Wyant & Cannon 
Foundry Co. 

Century Gas Equipment Co. 

Cleveland Steel Products Corp. 

Continental Motors Corp. 


Dana Corp. 173, 
Delco Radio Div., 

General Motors Corp. 
Delco Remy Div., 

General Motors Corp. 158, 
Douglas Aircraft Co., Inc. 
Dow Corning Corp 
E. I. du Pont de "Peubenes & Co., 


Inc. 
Plastic Sales 


Eaton Mfg. Co. 
Axle Div. 
Automotive Gear Div. 
Electric Auto-Lite Co. 
Enjay Co., Inc. 


F 


Fasco Industries, Inc. 
Federal-Mogul Div., Federal- 
Mogul-Bower Bearings, Inc. 
Inside Back Cover 
Pram Corp. an 
Fuller Mfg. Co. 


G 


Gardner-Denver Co. 
Globe-Union, Inc. 


Goodyear Tire & Rubber Co. 
Foam Products 
Metal Products 

Great Lakes Steel Corp. 


Handy & Harman 

The Heim Co. 

Hyatt Bearings Div., 
General Motors Corp. 


Import Motors of Chicago 

“ae Business Machines 
o : 

International Nickel Co., Inc. 

International Packings Corp. 


J 


Janitrol Aircraft Div., 
Surface Combustion a 
Johnson Products, Inc. ES 


K 


Kelsey Hayes Co. 
Kistler Instrument Corp. 


L 


Linde Co., 
Div. Union Carbide Corp. 


Mec 


McLouth Steel Corp. 
McQuay Norris Mfg. Co. 


Mechanics Universal Joint Div., 
Borg-Warner Corp. . 
Midland-Ross Corp. 
Monroe Auto Equipment Co. 
Morse Chain Co. 
“A Borg-Warner Industry” 


N 
National Analine Div., 


Allied Chemical & Dye Corp. .. 


National Seal Div., Federal- 
Mogul-Bower Bearings, Inc. 
New Departure Div., 
General Motors Corp. 


Oo 


Oldsmobile Div., 
General Motors Corp. 


P 


Perfect Circle Corp. Inside Front Cover 
Pioneer Aluminum, Inc. . 146 


Raybestos-Manhattan, Inc. 
Plastics Products Div. ..... 
Reichhold Chemicals, Inc. 
Republic Aviation ..... 
Reynolds Metals Co. 
Rockford Clutch Div., 
Borg-Warner Corp. 
Rollway Bearing Co. 
Ross Gear & Tool Co. 


Ss 


Saginaw Steering Gear Div., 
General Motors Corp. ..... 

A. Schrader’s Son .... 

Shell Oil Co. .. 

tan Products Co. 


Thermoid Co. ... 

Thompson Products, Inc. 
Jet Div. 

Timken Roller Bearing Co. 


Outside Back Cover 
The Torrington Co. .. 117 
Tung-Sol Electric, Inc. 


U 
United Carr Fastener Corp. 


v 


Vellumoid Co. 
Vickers, Inc. 


w 


Wagner Electric Corp. ... 
Waukesha Motor Co. ....... 
Wausau Motor Parts Co. .. 
Weatherhead Co. 

Viestern Felt Works 
Wisconsin Motor Corp. .. 


Zoliner Corp. 
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Other Outstanding 
Shell Industrial Lubricants 
Shell Tellus Oils—for closed hydraulic 
systems 


Shell Talona R Oil 40—anti-wear crank- 
case oil for diesel locomotives 


Shell Alvania Grease—multi-purpose in- 
dustrial grease 


Shell Turbo Oils—for utility, industrial 
and marine turbines 

Shell Dromus Oils—soluble cutting oils 
for high-production metal working 


Shell Macoma Oils—for extreme pressure 
industrial gear iubrication 


Shell Voluta Oils—for high-speed quench- 
ing with maximum stability 


Its performance and name 
are the same around the world 


Shell Rimula Oil is a heavy-duty oil de- 
signed to solve the toughest lubricating 
problems in diesel engines. 


One of these problems—excessive 
cylinder and ring wear—results from 
acidic combustion products. It occurs 
under all operating conditions, but 
is especially severe under low jacket 
temperatures. Rimula® Oil contains 
an alkaline additive that counteracts 
this acid wear. It remains stable under 
the widest temperature extremes en- 


countered in modern operation. It 
keeps engine parts clean and oper- 
ating efficiently over longer periods 
. . « effecting worthwhile savings in 
labor and parts. 


Rimula Oil is available to your cus- 
tomers abroad. They can depend upon 
it for the most severe conditions of 
diesel operation. For full information, 
write: Shell Oil Company, 50 West 50th 
Street, New York 20, New York, or 100 
Bush Street, San Francisco6, California. 


SHELL RIMULA OIL 
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Tung-Sol 12-Volt Remote-Reset 
Circuit Breakers 


Positive “Lock Open” Action gives 
complete protection against: 
BURNED-OUT ACCESSORY MOTORS AND WIRING 


PERMANENT BREAKER DAMAGE 
RUN-DOWN BATTERIES 


- 
a 
oo 
7 
> 
a 
oa 
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Standard Mounting Brackets 


Available in 6, 10, 15, 20, 30 and 40 amp. 
ratings, in a choice of two mounting brackets, 
Tung-Sol Remote-Reset Circuit Breakers are 
used in a wide variety of automotive applica- 
tions. For further information write Engineer- 
ing Department. 


OPERATION 


oe 


OPEN CONTACTS 


The Tung-Sol remote-reset type circuit break- 
ers lock open, instead of continuing to pulsate, 
when the circuit is overloaded or shorted. When 
the cause of the overload or short is removed, 
the breaker is then remotely reset. It re- 
activates the circuit within 30 seconds. 


METHOD OF 
dg EATER COIL HEATER COIL 
BIMETAL STRIP 


— ¢@ 


CLOSED CONTACTS 


BIMETAL STRIP 


Fig. A Fig. B 


NORMAL CONDITIONS EMERGENCY CONDITIONS 


When circuit conditions are normal, the current flows 
thru the strip which is attached across breaker studs. 
When contacts are closed, the heater coil is short 
circuited and has no heating effect. (Fig. A). 


When a short circuit or overload occurs, the in- 
creased current causes strip to bend away from con- 
tacts. (Fig. B). When the contacts part, the coil is 
automatically inserted in the circuit. 


ELECTROSWITCH DIVISION (ty) runo-sor ELECTRIC INC., NEWARK 4, N. J. 


SALES OFFICES: ATLANTA, GA.; COLUMBUS, OHIO; CULVER CITY, CALIF.; DALLAS, TEXAS; DENVER, COLO.; DETROIT, MICH; 
IRVINGTON, N. J.; MELROSE PARK, ILL.; NEWARK, N. J.; PHILADELPHIA, PA.; SEATTLE, WASH. CANADA: MONTREAL, P. Q. 
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For automatic transmissions 
and similar bearing applications 


Solid steel or bronze; steel faced with babbitt or copper-lead, or 
copper-lead on both faces. Flat, spherical or special shapes. Grooves, 
holes, nibs, scallops or lugs. O.D. 1” to 6”. Wall thickness: solid, 
.028” to .141”; bimetal, .034” to .141”. Cold rolled for heavy-duty. 
Large capacity. Complete engineering service. 


FEDERAL-MOGUL DIVISION 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11035 SHOEMAKER, DETROIT 13, MICHIGAN 





@@mme Timken bearing price index 
(J Timken Company labor cost index 


What's way Up ? 140 ae mm iron and Steel prices* 


eee Metal and metal products* 


Everything but auees Possenger cars” 


30 *B.L.S. wholesale prices, Base — October, 1950=100 
Timken’ bearings 
120 


Chart the cost of most anything over 
recent years and it looks like a flight of 
stairs (see right). But the cost of Timken® 110 
tapered roller bearings for the automotive 
industry has held the line. The auto in- 
dustry has helped us beat inflation by 100 
standardizing on the new Timken bearing 


sizes produced by revolutionary new tech- 1950 1951 1952 1953 1954 1955 1956 1957 


niques that have all industry buzzing. TOTAL VEHICLE COST OF PINION, DIFFERENTIAL, REAR WHEEL AND FRONT WHEEL BEARINGS 


Here’s how to 


keep ‘em way down 


Here’s the inside of our unique Bucyrus, 
Ohio, plant where custom-made machines 
turn out 30 million new design Timken bear- 
ings a year without a hand touching them. 
This plant can keep your bearing costs down 
if you: 1) standardize on even fewer Timken 
bearing sizes—lowering our production costs, 
increasing your savings; and 2) buy more 
Timken bearings—the bearings made by 
low-cost missile age techniques. The more 
you put standardization to work, the better 
we can keep your bearing costs down. The 
Timken Roller Bearing Company, Canton 6, 
Ohio. Canadian plant: St. Thomas, Ontario. 
Cable address: ‘“Timrosco”’. 


BEAT INFLATION WITH... 
STANDARDIZATION 


TIMKEN 


TRADE-MARK REG. U. S. PAT. OFF. 


TAPERED ROLLER BEARINGS 





